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In HMemortam 


ry 


lt is with an overwhelming sense of loss that we announce the 
death, on November 16th, of John Fredrick Kelly, Managing Di- 
rector of tne Association of Iron and Steel Electrical Engineers 
and Editor of the Iron and Steel Engineer. 


He was born in McKeesport, Pa., November 25th, 1880 and 
lived in the Pittsburgh district all his life. In his early years, be- 
fore becoming associated witk the Westinghouse Electric & Manu- 
facturing Company, he was connected with various steel plants in 
this district. In 1909 he left the Westinghouse Company where 
he was employed in the office of manager of works, to go to 
the electrical department of the National Tube Company at Mc- 
Keesport. In 1917 he was elected National Secretary of the Asso- 
ciation of Iron and Steel Electrical Engineers. In 1918 he left 
the National Tube Company and established A. |. & S. E. E. offices 
in Pittsburgh. He was later made Managing Director of the 
Association and Editor of the lron and Steel Engineer. 


Mr. Kelly was one of the best known figures in the Iron and 
Steel Industry. He knew and studied the Industry from every 
angle. This knowledge and experience he used to build the A. |. 
& S. E. E. to its present prominent position among the National 
Engineering Societies. In his long career with the Association, and 
under his guidance, the Iron and Steel Engineer was founded as 
well as the Combustion, Lubrication, Mechanical and Welding Di- 
visions. The original Electrical Division was founded in 1907. 
It was his dream and ambition that the Association should answer 
every engineering need in the Iron and Steel Industry. Toward 
the achievement of that result he labored unceasingly and tire- 
lessly. 


He is gone—our friend, counsellor and associate; true we have 
memories, fond and wonderful memories of him, but even they 
cannot quiet the ache in the hearts of all of us. 
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Precision Rolling Mills 


By S. M. WECKSTEIN. 
Asst. Chief Engineer, Timken Roller Bearing 
Company, Canton, Ohio. 


The high speed production of strip and sheets 
held to close tolerances on gauge was made possible 
by the modern backed up mill. <Anti-friction bear- 
ings have played a large part in this development. 
The ability of the bearings to operate at uniform 
temperatures, at the various speeds required in the 
continuous mill, made precision rolling possible. In 
addition, the large reduc- 
tion in power costs of 
rolling and the reduction 
in bearing wear has made 
the anti-friction bearing 
a paying proposition in 
this highly developed pre- 
cision mill. 

Recent developments 
in generat industry and 
especially in the automo- 
tive industry have brought 
forth a demand for simi- 
lar or even greater pre- 
cision of the products 
generally rolled in mer- 
chant mills. Unfortunate- 
ly this type of mill had 
not kept pace with the 
general development to- 
ward greater precision. 
The result was that a 
number of companies, 
who have been able to 
produce a_ product held 
closer than standard com- 
mercial tolerances, have 
enjoyed a greater volume 
of business and have cre- 
ated a general demand 
for closer tolerances. The 
fulfillment of these re- 
quirements can only be 
met by proper mill prac- 
tice, suitable mill arrangement and the proper equip- 
ment. 

Good merchant mill practice requires proper heat- 
ing of the billets; control of scale; elimination of 
undue stretching and twisting of the material during 
rolling; control of temperature during rolling and ef- 
ficient handling and cooling after product leaves the 
mill. 

Mill arrangement depends entirely on the range 
of products, size of orders, diversitv of orders and 
size of plant. The continuous mill and the semi- 
continuous mill are the two general types to be con- 
sidered. 

The continuous mill has the advantage of low 
first cost and low operating cost. It is well adapted 
for rolling large tonnages of narrow strip, skelp, flats, 
angles and merchant bars. Such mills are justified 
in large steel plants where the tonnage requirements 
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for merchant bars is large and where the range of 
product is limited. Specialties and jobbing orders 
are usually handled on other mills in the plant. 

The semi-continuous mill is mere suitable for 
high-quality products and where specialties and job 
bing orders of small tonnages must be rolled on one 
mill. These mills are usually arranged with several 
roughing stands for con- 
tinuous rolling and with 
intermediate and finishing 
arranged to permit the 
product rolled to run free 
after each roll pass. 

In order to obtain an 
accurate product on eith- 
er of the above types of 
mills, proper equipment 
must be available. This 
is even more true of the 
full continuous mill when 
the rolling mill stands are 
considered from the stand 
point of rolling accurate 
rounds. The delivery of 
an accurate round from 
the finishing stand is de- 
pendent upon the delivery 
of an exact section from 
the next preceding stand 
of the mill and this sec- 
tion is in turn dependent 
upon the delivery of an 
accurate section from the 
preceding stands in the 
mill. In other words the 
accuracy of the finished 
product is a function, not 
alone of the finishing 
pass, but of each preced- 
ing operation. In order 
to assure this consider- 
able skill is required on the part of the operator 
in the adjustment of the sections in the various roll 
stands. Since the product of the section area and 
the delivery speed must be a constant for all the 
roll stands it can readily be seen that an adjustment 
in section in any stand must be accompanied by a 
corresponding adjustment in roll speed. \ section 
adjustment in one stand mav require adjustments in 
some of the other stands both in section and roll 
speed. This naturally means constant vigilance on 
the part of the operators and a possible large scrap 
loss during the period of the proper setting of the 
various roll sections or passes. 

It is in the maintenance of this accuracy and also 
in the relief of the operator from the necessity of 
constant pass readjustment that tapered roller bear- 
ings play an important part. The roller bearing does 
not show any wear as compared with plain bearings. 
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FIG. | 


By taking advantage of this feature it is possible to 
obtain perfect alignment and setting of the rolls and 
to maintain this setting indefinitely. It is also possi- 
ble by proper design to make provision on the mill 
for adjusting devices which will permit setting the 
rolls or changing this setting by small increments in 
a minimum of time and without the cut and try 
method used on plain bearings. Once adjusted, the 
operator can be sure that the rolls will stay put and 
the only adjustments which he need consider are 
those required to compensate for wear in the roll 
passes. With this close control in the roughing 
stands as well as in the finishing stands a quality 
product is assured. 

Since precision rolling is a matter of roll setting 
and pass alignment along with experience it will be 
interesting to study the methads of applying tapered 
roller bearings on the roll necks of merchant mills 
and especially the various provisions made for ad- 
justing the roll passes. Figures 1 to 3 show the 
general arrangement and the details of mounting the 
bearings on a 3 high bar mill. The same size of 
bearing is used on all the roll necks and the applica- 
tion is the same except on the floating end of the 
middle roll. Each bearing is assembled in a bearing 
box forming a complete unit that can readily be 
slipped off and on the roll neck. The bottom roll 
and bearing boxes are fitted directly into the mill 
housing. The middle roll and bearing boxes are 
made so that the top roll bearing boxes can be fitted 
into them. In this way the middle box is located 
on the housing ledge by means of wedges under the 
housing cap. The bottom roll is carried on the bot- 
tom screw, while the top roll is balanced from the 
top lifting rods. The right hand view shows the 
fixed side of the mil! while the left hand view shows 
the floating side of the mill. 

Figures 2 and 3 show the detail construction. 
Figure 2 shows on the right-hand side the construc- 
tion used for the fixed end of the top and bottom 
rolls. Each bearing is mounted as a unit in the 
bearing box, and the entire assembly, together with 
inside and outside filler rings, is slid on the neck 
and clamped by means of the nut shown. To reduce 
the cost of the rolls and eliminate threading them, a 
groove is cut in the neck and a two-piece threaded 
ring is fitted and doweled in the groove. The nut 
is bolted to the keved filler ring after the bearing 
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has been pulled up tight on the neck and against 
the inside filler ring. To obtain a very fine adjust- 
ment increment on the locking arrangement the fol- 
lowing scheme is used. The keyed outer filler ring 
has a proper number of equally spaced tapped holes. 
The nut has an odd number (one more or one less) 
of holes drilled in it to receive the locking cap screw. 
The bearing box is provided with a special flange 
used for the alignment of the passes. With the bear- 
ing fixed to the neck, as described, the entire roll 
can be moved in or out the desired amount merely 
by adjusting the push-and-pull nuts in contact with 
the bearing-box flange. 

The construction used on the floating end of the 
top and bottom roll is shown in the left-hand side of 
Figure 2. It will be noted that the bearing mounting 
is the same as the fixed end. The bearing box itself 





FIG. 2 


is made without a flange and is not located endwise 
in the mill housing. In this way it can float in the 
mill housing and properly position itself when pass 
alignment is made or when roli expansion occurs. 

The mounting of the bearings on the middle-roll 
necks is slightly different at each end of tke roll, as 
shown in Figure 3. The two bearing chocks are 
made exactly the same and are rigidly clamped down 
on the ledge in the housing. They are also bolted 
to the housing through the flanges, as shown. Pro- 
vision for expansion must therefore be made by the 
floating of the cones on one of the necks of the 
middle roll, as illustrated in the left-hand side of Fig- 
ure 3. It is to be understood that the roll necks are 
exactly the same at both ends. The provisions for 
floating are obtained by a slight change in the design 
of the inner and outer filler rings. The right-hand 
half of the illustration shows the fixed end of the 
roll, which is the same as mounting used for the 
bearings of the top and bottom rolls. 

The bearings shown in these illustrations are pro- 
vided with cup and cone spacers. These spacers are 
ground to exact size so as to give the predetermined 
running clearance in the bearing and are supplied 
as part of the bearing. The inner and outer filler 
rings as well as the cone, or inner race, spacer ring 
are slotted to permit lubricant to reach the contact- 
ing surfaces and also to get down under the races, 
which are fitted with a given looseness on the roll 


necks. The grease for lubricating the bearings is 
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supplied from two distinct inlets which register with 
the annular groove and holes drilled in the cup, or 
outer race spacers. This assures a uniform supply 
of lubricant to all parts of the bearings. It also has 
been found necessary to vent all the bearing boxes 
to eliminate air pockets, which in many cases caused 
lack of lubrication, with consequent bearing failures. 
The closures for retaining the lubricant and exclud- 
ing water and scale are of special design. The de 
tails of the closures will be discussed farther on. 

In view oi the fact that the bearings are mounted 
loosely on the necks, it has been necessary to estab- 
lish the proper looseness for various size necks. It 
has been found that the clamping arrangement used 
very definitely retards the amount of neck wear due 
to the loose fit. It has further been definitely estab- 
lished that on two- and three-high merchant mills in 
sizes from 28-in. to 16-in. roll diameter, the rolls are 
worn out long before the neck wear becomes a fac- 
tor in the operation of the mill. 

On smaller mills operating at higher speeds, the 
more rapid roll-neck wear has dictated a design call- 
‘ing for races fitted tight on the necks, as shown in 
Figure 4. This layout features the use of a two-row 
bearing, but the same principle of mounting has 
worked out in service in a high-speed mill using 
four-row bearings. The mounting of the bearings 
on all the necks is the same. The inner races are 
fitted with a press fit of from 0.0005 to 0.002 in. tight 
and in addition are clamped up tight by the same 
locking arrangement as used on the slower speed 
mills. The design of the bearing box is altered so 
is to provide for the easy removal of the bearings. 
The boxes are made so that the inner closure plate 


is a separate piece. Also the inner filler ring is pro- 





FIG. 3 


vided with a shoulder. When the inner closure is 
bolted to the bearing box, a special split plate from 
1/8 to 3/16 in. thick is inserted between them. The 
bearing box, with inner filler ring, inner closure, 
separating plate, bearings, outer filler ring, and outer 
closure, is assembled as a unit, heated in oil at about 
300 deg. fahr., and easily slipped on the roll neck. 
The locking nut is then added, and the assembly is 
complete. To remove the bearings, the split plate is 
removed, and the inner closure is drawn up tight to 
the bearing box. The shoulder on the filler ring then 
contacts with the inner closure, to which pressure 
can be applied by means of a press or properly de- 
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FIG. 4 


signed puller. Very little difficulty is encountered 
in removing the bearings. 

Bearing set up in this design is obtained by means 
of shims between the outer closure plate and bearing 
chock. The set up can be varied to suit the speed 
of the bearings and the accuracy desired. 

In 1931 the writer presented a paper before the 
American Society of Mechanical Engineers on the 
subject of the Application of tapered roller bearings 
in Merchant Mills. Mr. A. G. Witting, Chief En- 
gineer, Illinois Steel Co., Gary, Ind., presented a writ 
ten discussion of the writer’s paper. He covered 
carefully various points brought out by the writer. 
There is one point which was very important and 
[ am therefore quoting him verbatim. 

“There is another factor that may have to be 
considered because it may affect the rolling costs 
more than the expense for rolls and the bearings 
themselves; this is the ease with which a roll 
change can be made. In a mill where such changes 
occur frequently, perhaps several times a day, it is 
out of the question to have bearings that must be 
pressed off the rolls, whether it takes 80 or only 
10 tons. It is also impractical and expensive to 
have a great number of spare sets all made up 
beforehand. 

“To make the application of roller-type bearings 
practical for an ordinary mill, even provided that 





FIG. 5 
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the saving in power and longer life of the bear- 
ings compensate for the higher first cost, it is nec- 
essary that the bearing is assembled in one piece 
and that the roll neck and the inner race of the 
bearing are made tapered so that the bearing can 
be quickly slipped on the roll neck and located in 
its proper place by a whack of a sledge hammer, 
and similarly loosened, ready to be lifted off, by a 
hammer blow.” 

\ design such as suggested by Mr. Witting has 
been worked out as shown in Figure 5. A two row 
bearing with a tapered bore is here fitted on a tapered 
neck. The general mounting of the bearing is the 
same as that shown in Figure 4 except that the inner 
filler ring is eliminated. Here again, instead of mak- 
ing the inner closure integral with the bearing box 
a separate piece has been used. It is quite possible 
that in the majority of cases, it will be possible to 
remove the bearing and box from the neck by a ham- 
mer blow. It was felt advisable however, to incor- 
porate in this design the safety feature which 1s 





FIG. 6 


shown. Should the bearing stick tight on the neck 
it will be possible to remove the split filler plate 
shown. This will permit the inner closure to come 
in contact with the inner race of the bearing and by 
applying pressure on the inner closure the bearing 
can be easily removed. 

The preceding layouts have shown the various 
means of applying the bearings on the necks and 
have mentioned adjusting devices for the alignment 
of the passes. A study of some of these devices will 
be interesting especially since pass alignment is es- 
sential if accuracy is required. 

Figure 6 shows a device similar to that used on 
the 28” 3-high bar mills at the plant of The Timken 
Steel & Tube Company. The top and bottom roll 
bearing boxes on one side of the mill are provided 
with lugs in which slots are machined. Special 
clamps fitting into the slots are bolted to the mill 
housing. By the use of ball seats and special wash- 
ers, proper functioning of the clamps can be obtained 
from the push-and-pull nuts at the extreme ends. 
The holes in the clamps are elongated so that the 
clamps can be slid out of the way when a roll change 
is made. It is advisable to harden the faces of the 
slots in the lugs or to insert hardened steel liners to 


prevent pounding out in service. This construction 
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is clearly shown in sections “AA” and “CC”. Sec- 
tion “BB” shows how the middle roll bearing chocks 
are fixed in the mill housing. 

Another device very successfully used on The 
Timken Steel & Tube Company merchant mills and 


on other similar mills in shown in Figure 2. Pass 





FIG. 7 


adjustment is obtained by designing the chock at one 
side of the mill with an extending lug which is fixed 
to the mill housing by means of a push-and-pull bolt 
and nut arrangement. The chocks at the opposite 
end of the roll do not have the lug and are permitted 
to float in the mill housing. In this way the setting 
of the roll passes is obtained from one end of the 
mill. 

Still another scheme successfully used is_ that 
shown in Figure 7. From the end view of the mill 
and the right hand side of the horizontal section 
through the housing it will be seen that the bearing 
chock on one end of the bottom roll is fixed to the 
mill housing by means of a suitable clamp. On the 
same side of the mill the top roll bearing box is fixed 
to the housing through an adjusting device. This 
arrangement consists of an adjustable wedge which 
is inserted between the mill housing and a special 
flange on the bearing chock. The flange is bolted 
to the mill housing by means of a special clamp. 
By loosening the nuts holding the clamp, the wedge 
can be adjusted in or out to give the desired roll 
setting. On both rolls the bearing chocks at the 
opposite end of the mill are permitted to float in the 
housing to take care of expansion and ease of pass 
alignment. 

Considerable attention has recently been given to 
vertical mills. The twisting and guiding of small 
bars necessitates small guide clearances and any re- 
sistance in the path of a small bar traveling at high 
speed may result in considerable scrap loss. These 
twist guides can be eliminated by the use of vertical 
mills. The rolls in these mills should be adjustable 
up and down to properly line up the passes with the 
preceding horizontal mills. Provision should be made 
for accurate pass adjustment and for longitudinal 
movement of the rolls with respect to each other. 

Roller bearings are required in this type of mill 
since they can be properly enclosed and protected 
against entrance of scale and water. The design 
shown in Figure 8 shows the general application on 
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an 11 in. 
service for about five years. 
bearings is practically the same as for the horizontal 
mills. The closures are more positive and flingers 
forming labyrinths are used. The rolls are hung 
from the top bearing and are easily removed. The 


vertical finishing mill which has been in 





FIG. 8 


bearings, because of their thrust carrying capacity, 
easily support the weights of the roll and boxes and 
the thrust loads from rolling. The bottom boxes are 
permitted to float so as to take care of roll expansion 
and not to interfere with pass alignment. 

The top boxes are designed so as to properly take 
care of the pass alignment of the rolls. Figure 9 
shows the top bearing closure to be designed with 
an extension having six threads per inch. A special 
bracket is bolted to the mill housing and attached 
to the threaded extension of the bearing box cap by) 
means of two jam nuts and a specially designed 
adjusting plate. The bracket has 23 equally spaced 
holes and the adjusting plate 24 equally spaced holes. 
By loosening the jam nuts and by tightening or 
loosening the adjusting plate an increment of vertical 
rise and fall of the roll of 0.0003 inches can be ob- 
tained. When the desired set up is reached the ad- 
justing plate is locked to the bracket by means of a 
pin inserted in the two mating holes. The jam nuts 
are brought up tight to hold the set up rigidly. 

No attempt has been made in this paper to dis- 
cuss the savings in power, lubrication and general 
maintenance which are derived from the use of ta- 
pered roller bearings in merchant mills. This sub- 
ject has been covered in previous papers. There are 
also a number of mills so equipped which have been 
in operation for some time and on which records of 
maintenance costs have been kept. It ‘would be in- 
teresting to have this data presented to the industry. 

I have been asked to add a few comments on the 
use of anti-friction bearing thrust units in connection 
with rolls equipped with ordinary type plain bearings 
or with composition bearings. I have not prepared 
any slides showing the construction of the thrust 
unit since there is still some question about various 
details of the design. We believe that we are on 
the right track even though on some test jobs the 
results have not been entirely satisfactory. 

We did quite a lot of experimental work in one 
plant. Thrust units,were applied on the rolls of the 
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The mounting of the 





last two stands of a high speed continuous mill. Sev 
eral difficulties were encountered. First, it was found 
that it was hard to apply the thrust unit to the roll 
with the accuracy required. Due to the high speed 
a small amount of misalignment caused considerable 
run-out and a consequent pinching of the bearings 
in the thrust units. Second, it was found that the 
condition of the wobblers and pods had to be watched 
carefully. Worn wobblers and pods caused a thrust 
load considerably in excess of the capacity of the 
bearings used on the job. This second cond‘tion can 
undoubtedly be licked by the use of universal coup 
lings. 

The Itiinois Stee! Company of Gary, Ind., have 
built some thrust units with Timken bearings and 
have placed them in service. Maybe some of thet 
men present can teli us just what their experience 
has been. I do not believe they have a sufficient 


number of units in service to give conc'usive resu!ts 





FIG. 9 


We have been working with the engineering de 
partments of a few other mills on the design of these 
thrust units. It is now up to the onerating depart 
ments to install them and to work out the various 
operating difficulties encountered. 

In closing there is another point I want to men 
tion. This does not deal with precision rolling but 
should be of interest to all who are using or intend 
to use anti-friction bearings. 

During the past few years we have been working 
in conjunction with our metallurgical department, 
with some of the rolling mills and with other inter 
ested companies on a means of prolonging bearing 
life. We have now worked out an oil tank into which 
bearings which have been in service for a long time 
can be placed and kept for a designated period of 
time at a constant temperature. We find that by 
drawing the hardness back, the bearings are reju 
venated and their life considerably increased. This 

| 


tank can also be used on rolls, pinions and other 


parts which have been work hardened. 
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Discussion 


Discussion presented by 


F, B. Crosby, Electrical Engineer, Morgan Construction 
Company, Worcester, Mass. 

F. H. Moyer, Vice President, Mackintosh-Hemphi.| Com- 

pany, Pittsburgh, Pa. 

W. Meyers, Asst. District Mgr., Republic Steel Cor- 

poration, Central Alloy District, Massillon, Ohio. 


G. R. Bennett, Asst. Gen. Supt., Carnegie Steel Com- 

pany, Duquesne, Pa. 

S. M. Weckstein, Asst. Chief Engineer, Timken Roller Bear- 
ing Company, Canton, Ohio. 

J. A. Clauss, Chief Engineer, Great Lakes Steel Corp.., 

Ecorse, Mich. 


F. B. Crosby: Some twenty years ago the Mor- 
gan Construction Company firmly believing that it 
was possible, with a suitable precision roll stand, to 
produce hot-rolled rounds within far smaller toler- 
ances than those prescribed for this class of work, 
designed and built three such miils. These were in- 
stalled and placed in operation just before the heavy 
war-demand for all kinds of rolled steel products neces- 
sitated the subordination of all thought of precision 
work, to tonnage. This demand for tonnage held 
back the development of precision rolling on hot 
mills for nearly two decades. 

Nevertheless, during the limited period in which 
we were permitted to study the operation of our 
pioneer precision mills, we learned a great deal from 
them, so that when, within the past year a new and 
insistent demand for a higher degree of perfection in 
hot-rolled rounds manifested itself, we were in a 
particularly good position to embody our earlier ex- 
perience in a strictly up to date design of a precision 
roll housing. 

Such a precision mill was purchased from us by 
an eastern steel company in the early part of this 
year, largely on their faith in our rolling mill experi- 
ence in general, and on their own appraisal of the 
design which we submitted to them. This mill was 
installed and placed in commercial operation without 
appreciable difficulty of any sort, on July 18, 1934, 
(and with results fully justifying our most optimistic 
expectations). 

Billets of silicon spring steel 3144”x314”"x4’ were 
roughed down in a 3-high hand mill and finished in a 
6-stand Belgium train, in which our precision roll 
stand, comprising both horizontal and vertical rolls 
replaced the original 2-high finishing stand. The fin- 
ished bar first rolled was nominally .700” in diameter, 
for which size commercial tolerances for hot-rolled 
rounds are + .008” with a maximum permissible dif- 
ference of .012” between the maximum and minimum 
diameters at a given cross section. 

Approximately ten tons of finished rounds were 
rolled the first day without a cobble and with a de- 
gree of precision highly satisfactory to our customer 
and to ourselves. Subsequent operations as the crew 
became accustomed to the mill have demonstrated 
that with reasonable attention to the many factors 
involved, such as quality of steel, uniformity of heat- 
ing, correct sections out of the leader, etc , hot-rolled 
rounds of this size, which will not vary more than 
+ .002”, can be readily produced on such a mill, with 
many individual bars of even greater precision. 


C. 
H. 





NOVEMBER, 1934 


With experience and careful attention to detail 
commercial hot-rolled rounds well within accepted 
standard tolerances can be produced by usual meth- 
ods and common practice. Due, however, to the 
limitations in human skill and inabiiity always to 
control perfectly the many factors involved, some 
variations will inevitably be found in the finished 
rounds. This variation usually manifests itself at the 
parting of the finishing pass. If, therefore, the high- 
est possible degree of precision is tu be secured, a 
final sizing operation is necessary. 

We secure the desired high degree of accuracy by 
intentionally making the nominal round in the last 
horizontai pass, a few thousandths full at the parting 
of the rolls and remove this fullness by means of a 
pair of independently driven vertical rolls, readily 
adjustable but rigidly mounted, in close proximity to, 
and in the same housing with, the horizontal rolls. 
It is of course impossible to hold by means of guides, 
such a nearly round section as issues from the hori- 
zontal pass, in such a manner as to insure the ver- 
tical rolls working on the desired section-axis, even 
with very tight guides. In any case very tight guides 
would be likely to scratch the bar It is evident 
therefore that the vertical rolls should be located as 
close as possible to the horizontal rolls in order that 
the section from the horizontal rolls shall not deflect 
or rotate and shall enter the vertical roll pass in such 
a manner as to remove the intentional fullness and 
deliver a round of the desired precision. 

This precision roll stand is a combination housing 
in which are mounted both the horizontal and ver- 
tical rolls. The housing and all parts under strain 
are of cast steel. That portion of the housing carry- 
ing the horizontal rolls follows our standard closed 
top construction with horizontal wedge adjusting 
screws for the bottom rolls and the usual vertical 
screws, with supporting means, for the top roll ad- 
justment. Special attention is called to our device 
for holding down the bottom roll and which at the 
same time takes up any slack in the driving spindles. 
This detail is important since any sudden accelera- 
tion or retardation of the bottom roll with respect to 
the top roll, due to lost motion in the drive spindle 
couplings, will produce a deflection of the front end 
of the bar which may render more difficult, or even 
impossible, the proper entry of the bar into the ver- 
tical pass. The horizontal rolls may be equipped 
either with Micarta neck bearings or with our 
Morgoil bearing. 

The vertical rolls are mounted in a self-contained 
unit or tray located in a separate window of the roll 
housing. When changing these rolls a complete 
spare tray in which the new rolls have been properly 
adjusted, and, with the guides assembled in place, 
may be quickly and easily substituted for the unit 
removed from service. This construction materially 
facilitates rapid roll changes. 

The vertical rolls are independently driven by a 
vertical motor of suitable electrical and mechanical 
characteristics. In general, this motor is a standard 
vertical design totally enclosed, fan ventilated, and 
equipped with a special shaft extension of exact 
dimensions specified by us, but furnished without its 
usual lower bearing bracket, supporting ring or feet, 
and bearing, all of which details are an integral part 
of our design. 

The power required for removing the intentional! 
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fullness left by the horizontal pass is obviously rela- 

tively small. 

The vertical rolls are mounted in Micarta bearings 
and flood lubricated with water. Each vertical roll, 
is accurately adjustable, horizontally and vertically, 
independently of the other. The vertical adjustment 
is secured by means of wedges below, and an ad- 
justing screw or clamp abeve. Both vertical rolls 
may be moved as a unit in order to align the respec- 
tive passes of the vertical and horizontal rolls. The 
driving unit including the vertical motor is also ad- 
justably mounted to cover the face of the horizontal 
rolls. 

As stated above it is essential that the vertical 
rolls be as close as possible to the horizontal rolls. 
This of course limits the available space for delivery 
guides from the horizontal rolls and entry guides for 
the vertical rolls. It also increases the difficulty of 
clearing possible cobbles between the two sets of 
rolls and renders it difficult, if not impossible, for 
the roller to inspect the section leaving the horizontal 
pass. These and other considerations have led us to 
a type of construction in which the vertical rolls are 
carried in a cage housing which in turn is attached 
to the horizontai roil housing by means of rugged 
roller-bearing hinges, in such a manner that the en- 
tire cage housing, vertical rolls and driving unit, may 
be swung out away from the horizontal rolls. When 
in the closed position the cage housing is rigidly 
clamped to the main housing by means of swinging 
links and wedges, The rolling stresses set up within 
the vertical roll system are self-contained within the 
tray and furthermore as it is desirable always to 
operate with a little tension on the stock, the normal 
reaction tends to hold the cage housing firmly in its 
closed position. 

This construction greatly facilitates— 
1—Adjustment of guides on both horizontal and ver- 
tical rolls. 

Removal of cobbles from between the horizontal 

and vertical rolls. 

3—Inspection of section leaving the horizontal rolls 
and adjustment for finished section, since with 
the cage housing open a short trial bar can be 
passed through the horizontal rolls and readily 
inspected without passing through the vertical 
rolls. This is impossible without the swinging 
cage-housing construction. 

{—Adjustment of vertical rolls or substitution of new 
tray can be made while trial bars or commercial 
rounds are being put through the horizontal rolls. 

5—For ordinary commercial rounds, the cage hous 
ing may remain closed but with the vertical roll 
tray removed, which leaves ample clearance for 
the ordinary non-precision rounds to pass through 
the cage housing. 

We call special attention to the adjusting clamps 
for the horizontal rolls. Hardened steel inserts in 
the bearing chocks insure accurate application of 
clamping pressure and largely eliminate danger of 
cramping the bearings. The retaining bolts pass 
through the housing and are held firmly with a short 
section in tension. The clamps are easily adjustable 
and maintained in a fixed position in space, conse- 
quently the bearing chocks are definitely located at 
all times with respect to the end of the roll barrel 
and without appreciable pressure between the roll 
barrel and renewable thrust collars. This detail is 


© 
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important in that it materially reduces wear if the 
Micarta thrust collars are used. If Morgoil bearings 
for the horizontal rolls are used, we, of course, sup- 
ply our standard clamping details for this type of 
bearing. 

In conclusion it is but fair to state that while we 
can furnish, in this precision roll stand, a “tool” ac- 
curately and ruggedly constructed, and which, with 
reasonable skill and attention to detail, will produce 
results long desired, nevertheless, this precision roll 
stand will not make a perfect round out of a poor 
one, but it will make a good round better. 

As with any other product which is the result of 
many carefully coordinated processes every effort 
must be concentrated on the earlier stages if a qual- 
ity product is expected. In this case the oval deliv- 
ered from the leader must be as nearly perfect as 
possible. 

We make no guarantee as to the degree of ac- 
curacy which will be secured with our precision roll 
stand. We can supply an excellent tool but credit 
for ultimate precision obtained must of necessity go 
largely to the roller, for his attention to detail 
throughout the entire procedure of heating and roll- 
ing. Experience to date, however, seems to indi- 
cate that this type of precision roll stand may be ex- 
pected to produce a hot rolled product which will 
largely eliminate the necessity for subsequent pick- 
ling and cold rolling and that its first cost should, 
therefore, be easily justified. 

F. H. Moyer: We have made a very complete 
study of the rolling of close tolerance rounds; par- 
ticularly in the use of an auxiliary mill, following the 
last horizontal stand in a bar mill and have come to 
the conclusion that the proper place in which to pro- 
duce these rounds is in the bar mill itself without 
any added equipment to remedy defective rolling 
after the material has been delivered from the finish- 
ing pass. 

With the above in mind, we have developed a 
thrust bearing to be applied to both top and bottom 
rolls, of say the last two horizontal stands of the 
mill, these thrust bearings being so constructed that 
both top and bottom rolls will be held accurately in 
pass alignment longitudinally during the entire roll- 
ing operation. 

These bearings are provided with a very accurate 
micrometer end adjustment which, after the rolls are 
set in correct rolling position, the bearing setting is 
locked and remains in this position, eliminating all 
end shifting of rolls as a factor in diametral measure- 
ment of the bars, except predetermined clearance in 
thrust bearing itself. 

We have a set of these bearings (on the finishing 
stand only) in operation in one of the plants of the 
Youngstown Sheet & Tube Co., and while we have 
no official information to give out at the present 
time, the tolerances obtained on the first few rollings 
averages from “plus .005” to “plus .007” on bars rang- 
ing from 13/16” to 15/16” nominal diameter. 

We expect to have exact data later. 

We feel that with this method of positively hold- 
ing the rolls against longitudinal movement, we have 
eliminated what has formerly been an uncontrolled 
factor in the rolling of rounds; the other factors, i.e., 
shape of the pass in the rolls, and wear of the roll 
pass being in the hands of the mill operators 

C. W. Meyers: I am willing to go along with 
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what Mr. Moyer said relative to rolling of close tol- 
erance rounds. While we have up to this time done 
nothing along this line we have however made a very 
careful study of it and I have about reached conclu- 
sion that before we consider the installation of an 
extra stand of vertical rolls we shall check up on 
our bearing problems. The composition bearings 
have improved rolling of rounds a lot but the collars 
of this and other types of bearings give us no end 
of trouble in trying to keep within close tolerance 
caused entirely by the end thrust which exists on 
practically all mills. The bearing that Mr. Moyer 
spoke about no doubt will overcome this trouble 
materially. 

H. G. R. Bennett: [| would like to ask Mr. Weck- 
stein one question. In his talk he mentioned the 
fact that at the roughing end of the mill at Timken 
they use roller bearings, and when he spoke of the 
auxiliary precision stand which they have on one of 
their mills he also said they are equipped with roller 
bearings, but he did not say anything about the in- 
termediate stands. I wonder if he will tell us some- 
thing about those. 

S. M. Weckstein: You gentlemen probably know 
that the formation of the Timken Steel & Tube Com- 
pany was the result of the constant effort of the 
Timken Roller Bearing Company to develop proper 
steels for bearings. To do this effectively and eco- 
nomically it was necessary for us to increase our 
steel producing capacity and also to develop pre- 
cision rolling methods. 

In 1928 when we expanded our steel making fa- 
cilities we installed « semi-continuous merchant mill. 
Since we already had a Belgian type mill which our 
operating men did not see fit to scrap, we used the 
available equipment together with the new equip- 
ment. We purchased nine stands of continuous 
mill equipped with Timken bearings, retained the 
plain bearing stands of the Belgian mill and added 
an eleven inch vertical and a horizontal stand equip- 
ped with Timken bearings. 

At that time we also developed designs for 
changing over the plain bearing stands to Timken 
bearings. In view of the operating speeds and the 
job lot requirements of this mill we decided that our 
1928 bearing mounting design would not give us the 
economical and precision results required. We have 
since developed a design, as illustrated in the paper, 
which would answer all requirements. However, due 
to the success obtained to date on the plain bearings 
and due to lack of appropriations for development 
work, we have been unable to make the change. We 
hope in the future to be able to test out some thrust 
units on these stands and also to eventually change 
them all over to the use of our bearings mounted 
directly on the necks. 

J. A. Clauss: The production of precision rounds 
due to the introduction of knee action springs to the 
automobile, becomes the vital concern of the steel 
mill operator. We have had this problem thrust on 
us more intensely the past two years than ever be- 
fore. 

There is such a difference of opinion as to what 
constitutes a precision round that it seems advisable 
to list the standard tolerances in common use for 
various sizes of rounds. 
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MERCHANT MILLS 
PERMISSIBLE VARIATIONS FOR ROUNDS AND SQUARES 


Size Tolerances Out of Special Tolerances 
Over Upto&lnc. Over& Under Round Over Under Out of 
Round 
5/16” .007 .007 .010 .005 005 .008 


5/16” 5" inc. .007 007 010 005 005 008 


+ Yn" .003 .008 012 .006 .006 .009 
Ya" Zz .007 .009 013 .007 .007 010 
i Vg" 010 010 O15 .008 .008 012 


Ye” Ye" Ol O11 016 §=.009 Ss 009 —S— 013 
14" 1%” 012 012 O18 010 010 01S 
134” i,” 015 015 021 012 012 018 


1,” 2 .020 015 .023 015 015 022 
i 2," .040 .030 .020 .023 
2” 3” .050 .059 
31/4" 4\/," .060 -060 

Over 41,” .075 .075 


By special tolerances is meant bars that are rolled for 
special orders, such as bars for rolled threads, rivets 
etc. These orders require each bar to be sized and 


carry an extra for cold inspection and sizing. 


Heretofore, when a tolerance closer than standard 
was required, the bars were generally cold rolled or 
cold drawn for which an extra charge was made. 

Today, when we talk about precision rounds, we 
have in mind a hot rolled round 34” dia. with an 
out-of-round tolerance of one and one-half thou- 
sandths plus or minus. 

To ask the merchant mills to produce a round hot 
rolled bar of such close tolerance is asking the im- 
possible, because our present knowledge of materials 
for roll making knows of no material for rolls which 
will hold the roll pass to this close tolerance for any 
length of time. The variations of temperature, ma- 
terial and wear of the roll pass are so rapid that, 
even though we may be able to deliver a bar of 
such close tolerance, it can not be accomplished for 
any great length of time, and, before adjustments 
can be made to compensate for the variables, a num- 
ber of bars will have been produced and the ques- 
tion is—What are you going to do with this material 
and who is going to pay for the extra cost of sorting 
it out? 

Then too, it takes time to make adjustments and 
frequent adjustments means loss of production. In 
an effort to overcome these difficulties we have seen 
the introduction of vertical rolls after the last finish- 
ing stand. The product from the pass in the vertical 
rolls is subject to the same variables as the product 
from the pass in the horizontal rolls. 

Give the mill operator a well constructed and 
stiff roll stand, correctly turned grooves, and means 
for making easy adjustment and he can produce 1 
good round without any vertical rolls. 

On merchant mills recently constructed, rounds 
with tolerances much less than the standard toler- 
ances are being produced; in fact, we have taken at 
random some 23/32 rounds of spring steel grade and 
put them through a so-called sizing mill and they 
were more out of round than before putting them 
through. 

[ am sure that none of the men present here to- 
day who are operators of the merchant mills wants to 
see a standard set for the industry of such close 
tolerances as is inferred by the term “Precision 
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Round”. Precision rounds are properly the product 
of cold drawing or cold rolling and should be kept 
there. The merchant mill with its multiplicity of 
sections and rolls should not be saddled with this 
additional requirement. 

C. W. Meyers: Along the line of rolling I do not 
believe that we have given it the special considera- 
tion it requires. When steel is produced it is given 
a lot of special attention by metallurgists and a lot 
of experimenting is done to improve quality, and a 
lot of progress has been made. 
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I doubt whether this can be applied to rolling. It 
is really believed that closer tolerance rounds can be 
rolled by proper heating, redesigning of passes, more 
balanced drafts, proper guide equipment and elimina 
tion of end thrust. After these items have been 
taken care of we can consider the necessity of verti 
cal stand. 


There is a lot of expense to be cunsidered in the 
rolling of close tolerance rounds and increased costs 


will develop. 


Steel Led In Safety Work: 


Thirty years ago, when a concerted program for 
accident prevention was unknown, the toll of indus- 
try in life and suffering was heavy. Included among 
the hazardous industries was steel, and to steel must 
be given most of the credit for the change that has 
taken place since then, for it was in the steel mills 
that the idea of “Safety First” originally found ex- 
pression, later to be changed to “Safety First, Last 
and All the Time.” It was the enthusiasm of the 
steel managements that proselyted for the new cult 
of safety until it spread over the entire industrial 
world. 

When and by 


movement started? ‘There is no definite evidence, but 


whom was the industrial safety 


the credit seems to belong to the late Thomas Lynch, 
one-time president of the Frick Coke Company, who, 
as far back as the late eighties, pronounced and in- 
sisted on the doctrine that “The Safety of Our Men 
Must Be Our First Consideration.” 

It was in 1906 that the management of the United 
States Steel Corporation, taking cognizance of the 
sporadic and unorganized work of some of its plant 
managers directed toward the prevention of accidents, 
determined to organize and extend the work, and or- 
ganized a Committee of Safety to that end. 

The late Elbert H. Gary, then Chairman of the 
Corporation, pledged on behalf of the directors that 
no funds needed to make the mills as safe as possible 
would ever be stinted. 

A year or two later, in 1908, to be exact, the Asso- 
ciation of Iron and Steel Electrical Engineers created 
a safety committee out of which grew the Coopera- 
tive Safety Congress held in Milwaukee in 1912, and 
from which, in turn, sprang the National Safety 
Council. This organization, supported by a large 
number of industries, devotes its energies to promul- 
gating the cause of safety, and acts as a clearing 


* Reprinted from "Steel Facts" published by American Iron and 


Steel Institute. 





A.1.&S.E.E.—TWENTY-SEVEN YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 


house for information and ideas that promise to ad 


vance the cause. 


This intensive efrort was inaugurated with purel\ 
humanitarian motives, though it subsequently has 
been demonstrated that it also paid in dollars and 
cents, with substantial benefit both to employee and 
employer. So great have proved its advantages from 
a purely economic standpoint that one marvels how 
industrialists could have failed to recognize its neces- 


sity long before they did. 


Obviously every accident, no matter how unim 
portant, involves some direct cost to the employer, 
and this is especially true in disabling injuries or 
death, entailing wage loss, medica! attention, com 
pensation payments, etc. But these direct costs do 
not tell the whole story of economic loss. To these 
we must add the indirect costs, estimated at about 
four times the direct. One then arrives at an acci 
dent bill that, if injuries had continued at the 1905 
rate, would have been appalling, and would have 
meant enormous losses to employees and employers 
which would have been reflected in increased prices 
to consumers. 

Scme of these indirect costs are as tollows: 

1. Cost of time lost by the injured. 


2. Cost of time lost by other employees who stop 
work when the accident occurs. 


») 


3. Cost of time lost by foreman, supervisors, etc. 
!. Cost of first aid not compensated by insurance. 
5. Cost of injury to tools. 

6. Cost of interference with output. 

It has been estimated that the saving in the steel 
industry alone in the twenty-eight years since the 
movement was inaugurated runs into billion-dollar 
figures. This saving has been reflected in the cost of 


steel to the consuming public. 









Special Electrical Drives For Steel Clean- 


ing and Processing Machines 


By A. M. MacCUTCHEON, 
Engineering Vice President, 
and 
W. R. HOUGH, 
Electrical Engineer, 
Reliance Electric & Engineering Company, 
Cleveland, Ohio 


For over thirty years the electrical engineers in 
the steel mills, in cooperation with the engineers ot 
manufacturing companies, have suc- 


the electrical 
cessfully worked out the many problems involved in 
the main roll drive and the directly associated aux- 
iliaries. With the major problems successfully solved, 
attention has been increasingly directed to the prob- 
lems connected with the 
secondary processes in 
the manufacture of steel 
Particularly in- 
teresting examples are 
the individual drive of 
runout tables, the section- 
alized control of roller 
tables through frequency 
motor-generator sets, and 
the reversing motors used 
in connection with the 
feeder and catcher tables. 
Several papers have been 
presented before the As- 
sociation describing in 
detail the electrical fea- 
tures of such drives. 

It is a privilege and a 
duty for the manufactur- 
ers of electric motors and 
controls to match the in- 
genuity of the steel mill 
engineer by furnishing 
the proper type of elec- 
trical apparatus to suc- 
cessfully drive the ingen- 
ious machines. and _ sup- 
ply power for the special 
drives which the steel mill engineer has conceived. 
Steel products play such a large part in the indus- 
trial life of today that the number of electrical drives 
in connection with the manufacture of steel and steel 
products is almost legion. This paper is devoted to 
machines and drives particularly relating to steel 
cleaning and processing. Only a small part of this 
field is covered in the selection of a few drives with 
which the authors are particularly familiar and with 
some of which drives the general membership of the 
Association may not be acquainted. Each installa- 
tion could well be the subject of a complete paper. 
The drives are selected with the particular purpose 
of illustrating how the proper selection of motors, 
with suitable characteristics, best serves the require- 
ments of a particular drive. Each drive is analyzed 
particularly from the viewpoint of the motor manu- 


products. 
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facturer, and while the control is referred to, no at- 
tempt is made to completely cover the control prob- 
lems. 

In selecting suitable motors for an unusual type 
of drive, the following should be carefully consid- 
ered. 

1. The work to be accomplished. 

2 Space 
ments. 
3 The 
speed. 

t. Method of Mount- 
ing. 

5. ‘Type of enclosure. 

6. Operator’s Con- 
venience. 

7. Electrical 
teristics. 

8. Torque demand. 

9. Dissipation of heat. 

10. Protection against 
electrical and mechanicai 
failure. 

While the electrical 
performance, with rela- 
tion to efficiency and 
power factor, should not 
be overlooked, usually on 
a secondary drive the ad- 
vantages to be gained 
through continuous oper- 
ation without delay far 
overbalances any slight 
necessary decrease in ef- 
ficiency and power factor. 
The same true of the 
cost. Compared with the cost of electrical equip- 
ment for the main mill, the of the electrical 
equipment for the secondary drive is relatively so 
small that improved results in production and con- 
tinuity of service justify any reasonable increase in 


require- 


most suitable 


Charac- 


1S 


cost 


cost. 

The following drives will be described in some 
detail from the standpoint of the problems encoun- 
tered, the motors supplied, the control used, and the 
results secured. 


STEEL CLEANING 
Continuous Pick'ing of Sheet Steel 


To handle the pickling of sheets delivered from a 
continuous mill, a continuous pickling process is most 
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desirable. In this installation steel strip is fed from 
coils first passing through. the decoiler and leveler, 
and then passes to a shear for squaring and remov- 
ing the fish tail. The sheet then enters a stitcher 
which stitches the forward end of the incoming sheet 
to the aft end of the sheet ahead. Beyond the stitcher 
is the No. 1 pinch roll controlling the sheet as it 
leaves the stitcher. Some time is required for the 
stitching operation and a surplus of material is ac- 
cumulated beyond the stitcher pinch roll to permit 
the continuous passage of the sheet through the 
pickling vat irrespective of the time necessary for 
shearing and stitching. No. 2 pinch roll continuous- 
ly feeds the sheet into the pickling vat. No. 3 pinch 
roll, beyond the vat, draws the continuous sheet from 
the tank and delivers it to the shear which cuts out 
the stitch. 

The drive provides for the passage of the con- 
tinuous sheet through the pickling bath at 40 to 160 
feet per minute under the control of the operator. 
With the exception of those driving the shears and 
stitcher, motors used are d-c. 4 to 1 adjustable speed. 

Close synchronization is required between the No. 
2 pinch roll delivering the sheet to the pickling tank 
and No. 3 pinch roll which withdraws the sheet. This 
synchronization is cleverly accomplished through a 
rider roli of special material within the _ pickling 
chamber. If the No. 3 pinch roll beyond the bath 
is withdrawing material more rapidiy than it is de- 
iivered field resistance is automatically reduced in 
the field of the No. 3 pinch roll motor. This is ac- 
complished through the mechanical upward move- 
ment of the rider roll and vice versa. While it is 
evident that over a day’s operation all of the units 
of the group handle the same amount of material, 
continuous synchronization of the sections of the 
drive other than the No. 2 and No. 3 pinch rolls is 
not necessary, the excess material between the shear 
pinch roll and the No. 2 pinch roll permitting of the 
necessary delay for stitching. After the materia! 
leaves the bath through the No. 3 pinch roll, it 
passes through a double shear for cutting out the 
stitch and then goes to a recoiler. Surplus material 
may be accumulated between the No. 3 pinch roll 
and the double shear. 

Since rotary shears are not used, the shearing 
operation must be accomplished as quickly as possi- 
ble and for this reason two motors in mechanical 
parallel are used, thus reducing the armature WR. 
\With the development of low inertia high starting 
torque a-c. motors such as are used on feeder and 
catcher tables, it is probable that this type will be 
considered on future installations for .the operation 
of the shear. 

For a new drive where direct current is not avail- 
able, it would be interesting to consider the use of a 
variable voltage motor-generator set for the primary 
control of all motors, secondary speed adjustments 
being secured through field control. 

All control from the No. 1 pinch roll on is cen- 
tralized at an operator’s panel. Here are located 
tachometers for indicating the speed of each unit 
and rheostats for the primary speed control of the 
drive. Signal lights mounted on the panei indicate 
the position of the rider roll within the pickling 
tank. If automatic compensation is insufficient, cor- 
rection may be made by the operator. 
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Motor List 


Decoiler and Leveler 

1—35 hp., 300-1200 r.p.m. 
Shear 

2—35 hp. Mill Type. 
Stitcher 

2—35 hp. Mill Type. 
No. 1 Pinch Roll 

1—20 hp., 400-1600 r.p.m. 
No. 2 Pinch Roll 

1—20 hp., 400-1600 r.p.m. 
No. 3 Pinch Roll 

1—35 hp., 300-1200 r.p.m. 
Double Cut Shear 

2—35 hp. Mill Type. 
Recoiler 

25 hp., 400-1600 r.p.m. 
Upending Device for Delivering Coil to Conveyor 

10 hp. Mill Type. 








THE BILLETEER 


The Association is fortunate in having this ma- 
chine completely described in a paper presented at 
this session by Mr. George Lentz, inventor and de- 
signer. Any description of the functions and per- 
formance of the machine is, therefore, unnecessary. 

No machine in recent years has presented more 
interesting problems in motor application nor has 
called for more diversity 1n motor characteristics. 
Motor drives are designed and applied to give ex- 
tremely flexible operation in order that maximum 
production may be realized. Each function of the 
machine is accomplished with a motor designed to 
best perform that particular action. 

The carriage is driven preferably by a two-speed 
motor specially designed for quick and frequent 
starting and stopping, as the tool must be quickly 
and accurately spotted over the flaw to be removed. 
The high speed is used for movement of the car- 
riage in the return direction and the low speed is 
used for movement in the forward, or cutting, direc- 
tion. It was originally believed that a maximum of 
25 to 3U starts per minute would be the requirement, 
but the speed with which the flaw is removed and the 
skill which the operator attains has boosted this fig- 
ure to over 50 times per minute. The motor is of 
the built-in type, with special ring mounting on the 
end of the machine. 

The tool head is raised and lowered by means of 
a vertical gearmotor drive built into the top of the 
carriage, the motor being a torque motor, turning 
but a few revolutions at each operation, which may 
be as many as 25 times per minute. The transverse 
movement of the cutter head is accomplished manual- 
ly by the operator. 

The tool head is driven by the only standard 
motor on the machine. The head turns continuously 
while the machine is in operation. The load is ac- 
tually a series of peaks as the cutter teeth engage 
the metal. High maximum torque is necessary to 
pull through the heavy cuts taken where the flaws 
are deep. 

The manipulator motor is a high torque motor 
which operates intermittently. It is mounted on the 
front end of the carriage, in a vertical position. 

The chucking motor requires two torque charac- 
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teristics. For chucking 1! 
is either stalled with the 
windings connected in 
such a way as to give a 
reduced torque which the 
motor will be capable of 
delivering while stalled, 
or else it is stalled with 
primary resistance in the 
circuit to accomplish the 
same result. The chuck is 
released under a greater 
torque to ensure its break- 
motor 











ing loose. The 
drives through an irrever- 
sible worm and power is 
removed from the motor 
terminals one second af- 








ter the motor stalls by , 
means of an automatic 
timing relay. 

The sixth motor on ‘ 
the machine operates the 
table drive for charging “4 
and discharging the bill ta 
ets. This again is a spe- 
cial  intermittent-duty, 
high torque motor and, e 
like the carriage drive, 1s 
built on to the end of the 
machine. 

The control for this 
machine is particularly 
interesting in its interlocking features and in the mas- 
ter switches. Since this falls within the scope of Mr. 
Lentz’ paper it will not be covered further in this 


at 


me 
st ea 


paper. 
The carriage drive, with its two-speed winding 
and its abnormally frequent starting, 1s such an in- 
teresting application that it will be considered in 
greater detail than the other drives. 

The first machine was installed about four years 
ago. Since it was more or less of an experimental 
machine the motors used for driving were not de- 
signed for the application but, rather, were what the 
plant had available. An elevator type motor was 
first used for the carriage drive and was not suc- 
cessful. This was replaced by a slip ring type, crane 
motor, operated with secondary resistance in the 
circuit at all times. This motor operated the ma- 
chine, but was very sluggish in action. 

When the second machine was built the motors 
were designed for the machine. The carriage drive 
was a two-speed, 900 and 1800 r.p.m. motor with a 
special low-inertia rotor. The operation was ex- 
ceedingly rapid and with the improvements that had 
been made in the machine and in the drive it was 
found that the carriage was being started at the 
rate of as high as 50 times per minute, whereas the 
motor had been designed for about 25. Of course, 
the motor would not stand this increased rate. To 
satisfactorily overcome the difficulties with as little 
trouble as possible, the motor was re-wound for a 
single speed, 900 r.p.m., and was equipped with a 
blower mounted integrally with the motor. This 
has made the drive successful with no change in 
the gearing necessary, and with a sacrifice in speed 
only on the teturn stroke, which is a relatively small 
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The Billeteer—viewed from discharge end. 


part of the cycle. The blower was a decided help in 
keeping the motor cool because the ventilation of the 
motor provided by its own fan was very poor due to 
the fact that the motor ran at its full speed such a 
small percentage of the time. Most of the time it 
was standing still or starting and stopping. 

later machines have been supplied with slower 
speed motors. With 60 cycle a-c. current the speeds 
are 1200 and 600. Where a large part of the work 
is accelerating and decelerating the motor, slower 
speeds are of primary importance in keeping the loss 
in the motor at a minimum. 


THE AIRLESS WHEELABRATOR 


Manufacturers: American Foundry Equipment 
Co., Mishawaka, Ind. : 

Steel shot or steel pellets have been found to be 
much superior to sand in cleaning processes; opening 
another field for the use of steel products. A great 
disadvantage of air blast cleaning equipment has 
been the high power cost of the compressed _ air. 
The manufacturers of the airless wheelabrator claim 
that a wheelabrator driven by a 15 hp. motor will 
clean more surface per hour than air blast equipment 
consuming 150 hp. and that the machine effectively 
replaces acid pickling, wire brushing, abrasive scrub- 
bing and other methods of cleaning sheets, shapes, 
billets, slabs and forgings. 

This method employs centrifugal, tangential and 
air dynamic forces rather than compressed air. Abra- 
sive suitable for the work is fed by gravity from a 
storage hopper into the wheelabrator near the cen- 
ter of rotation. The wheel is driven at high speed 
by the motor referred to and the abrasive is ejected 
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To the left is 








D-C gearmotor. 


at the periphery of the wheel. The abrasive is 
thrown in a stream approximately 4 inches wide by 
by varying the angle of the nozzle the length of the 
effective blast stream may be varied from 10 to ap- 
proximately 40”. 

The illustration is of a special cabinet machine 
unusually complete in its provisions for handling the 
billets to be cleaned, handling of the abrasive, and 
prevention of the escape of dust or abrasive from 
the cabinet. 

An exhaust system provides for the separation 
of the abrasive from the scale and other removed 
material, and a conveyor and elevator system auto- 
matically returns the abrasive to the elevated hop- 
per. 

The billets are handled by two conveyor tables, 
one on either side of the cabinet. Each table ex- 
tends from the center of the cabinet to a distance 
beyond equal to the maximum length of the work 
to be handled. Specially constructed vestibules at 
either end of the cabinet prevent the escape of dust 
or abrasive. The cabinet is equipped with two 
wheelabrators, one above and one below the work, 
so that the piece may be cleaned at the top and 
bottom simultaneously. Each table is driven by a 
3 to 1 adjustable-speed d-c. gearmotor, providing 20- 
80 r.p.m. at the output shaft. This motor is of the 
planer type capable of reversing the table every 20 
seconds under high speed operation. An adjustable 
speed motor is selected not only to provide for vari- 
able speed of the work under the wheel, but also to 
permit of a very rapid return of the piece prior to @ 
second passage under the nozzles. The use of the 15 
to 1 gearmotor avoided the supplying of a separate 
reducer. Because of the frequent reversals, an over- 
sized gear unit with a steel housing was supplied. 

Beyond the conveyor tables are two end tables 
for receiving and disposing ot the billets. At the 
entry end of the conveyor table is a manipulator for 
turning and handling the billets. At the opposite end 
of the conveyor system is an ejector, or kickoff. The 
two end tables, manipulator and the ejector are driv 
en by d-c. mill motors but in future installations low 
inertia high starting torque a-c motors will be con- 
sidered. 

Remote control of all motors is centered in a con- 
trol panel conveniently located near the cabinet. 


illustrated the cabinet 
type wheelabrator: to the right is a 
longitudinal section of the wheelabrator 
cabinet; and above is a fully enclosed 





Motor List 


Wheelabrators 2—15 = hp., 1800 r.p.m. A-C 
Abrasive Elevator 1 1% hp., 1800 r.p.m. A-C 
Exhaust Motor I—-10— hp., 1800 r.p.m. A-C 
Agitator Motor l 4 hp., 900 r.p.m. A-C. 


Screw Conveyor 
1—1% hp. gearmotor 97 r.p.m. A-C. 


The above motors cover all operations within the 
cabinet. Following is a list of the motors used in 
connection with the handling of the piece. 

Conveyor Tables2—7™% hp. 300-1200 r.p.m. D-C, 

End Tables 2—5 hp. 750 r.p.m. D-C. mill motors 

Kickoff 1—7% hp. 750 r.p.m. D-C. mill motor 

Manipulator 1—7™% hp. 750 r.p.m. D-C. mill motor 

It is hoped that this most interesting installation 
may be more fully described in a later paper pre 
sented before the Association by one of the steel 
mill engineers associated in its operation; and that 
this paper will in detail outline the results secured as 
well as the special features of the control. 


SWING GRINDERS 


_Swing grinders are used in many plants and are 
referred to in this paper as an illustration of direct 
application of the motor to the machine. 

Ball-bearing motors are to be preferred since the 
motor moves through an are and fully-enclosed mo 





owe 
5 gag be rete a4 
, ad In the above is illustrated a mo- 


& tor driven swing grinder. In 

the lower left is shown the 
relative size of fully enclosed 
and fan cooled motor of the 
same rating. 
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tors should be used unless the exhaust system 15 
particularly effective. Because of the much smaller 
space and lighter weight, fan-cooled motors are more 
desirable than straight fully-enclosed. 

Experience has demonstrated that swing grinder 
motors are subject to heavy overloads in the hands 
of a willing and enthusiastic operator and should be 
picked on a continuous rather than a short time basis 
of rating, even though the operation is somewhat 
intermittent. Even then the rating picked should be 
liberal compared with the probable demand. 


STEEL PROCESSING 


Automatic Tinning Machine 








Automatic tinning machine showing adjustable speed drive. 


\n installation of twelve machines, some of them 
with rollers 72” wide and a clearance of 76”, per- 
mitting the passage of three 23” wide sheets side by 
side. One operator tends two machines. All con- 
tamination of the sheet is avoided by keeping the 
pack submerged in water. The machine is automatic, 
the attendant only being required to introduce the pack. 
Mach machine consists of two units, the tinning end 
driven by a fully-enclosed fan-cooled 3 to 1 adjust- 
able-speed motor, the cleaning and polishing end 
driven by a 15 hp. fully-enclosed fan-cooled a-c. mo- 
tor reducer with an output shaft speed of 205 r.p.m. 
This proved to be an unusually effective use of a 
motor reducer. A slower speed of the cleaner and 
polishing unit was desired than on previous installa- 

















Automatic tinning machine showing gearmotor drive of clean- 
.ing and polishing section. 
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tions and without expensive modifications the motor 
reducer filled the bill. With the reducer output shaft 
above the center of the motor shaft, it was possible 
to locate the motor below the machine, leaving the 
aisle entirely clear. 

The travel of the sheets through the tinning ma- 
chine is controllable from 150 to 450 inches per min- 
ute. The constant speed of the cleaning and polish- 
ing machine is sufficiently high to take care of the 
maximum delivery from the tinning machine. 

An unusual exhaust system is installed that has 
proven so effective that fully-enclosed motors may 
prove to be unnecessary. 

















Automatic tinning machine showing delivery end. 

















Single stage A. C. gearmotor. 

















Fan cooled doukle stage gearmotor. 
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All wiring and control panels are located in con- 
crete passages beneath the room, readily accessible 
for inspection and maintenance, and constitute an 
exceedingly fine installation. Control is automatic 
throughout with start and stop buttons at the tin- 
ning end and several stop buttons along the ma 
chine. 

While the efficient exhaust system may render 
unnecessary enclosure of the motors, the fan-cooled 
type proved to be much less expensive and more 
compact than straight fully-enclosed motors. 


Motor List 


Tinning Machine 
5 hp. 500-1500 r.p.m. Fully enclosed. 
Fan-cooled 
15 hp. 730 r.p.m. Fully-enclosed 
Fan-cooled Gearmotor 


CONTINUOUS GALVANIZING DRIVE 


(‘To be installed in a prominent southern 
steel mill.) 


The material to be handled is narrow strip, vary- 
ing from No. 18 gauge to % inch in thickness, and 
the product will principally be used for beer barrel 
hoops. The machine is designed to handle six inde- 
pendent strips passing in parallel over one set of 
Bullers or Niggerheads to the six individual reels. 
Later the drive may be changed by the addition of 
two more strips and reels. If there is no tension on 
the strip, it slips over the Bullers without forward 
movement, so that the strips being reeled progress, 
while any strip not attached to its reel is stationary. 

Through the use of adjustable-speed d-c. motors 
on the Bullers, a range of from 7% to 30 feet per 
minute is available. These motors operate in sub- 
stantial synchronization by adjustment of hand oper- 
ated field rheostats. 

Each of the reels has a direct spindle drive from 
a 2 to 1 adjustable-speed d-c. motor. Automatic 
speed decrease to compensate for the reel build up 
is accomplished through a rider roll, the movement 
of which actuates a rheostat in the field of each reel 
motor. Synchronization of all reel motors with the 
primary speed of the Buller rolls is secured through 
voltage control from a generator driven by the No. 
2 Buller motor. The fields of all motors and the 
generator are excited from the main shop circuit. 

As a coil is nearly wound, it is desirable to speed 
up that particular reel in order to remove the com- 
pleted coil and clear the way for the next strip to 
be handled. This is cleverly accomplished by means 
of an extra rheostat for each of the reel motors. The 
pressing of a normaily closed push button introduces 
the preset value of the auxiliary rheostat in the field 
of the reel motor, speeding up the reel by from zero 
to fifty per cent according to the presetting of the 
rheostat. It is evident that this speedup occurs 
when the rider roll resistance is nearly all cut out. 

The No. 2 Buller motor has sufficient capacity to 
drive the variable voltage generator as well as the 
Buller itself. 

The Buller motors are provided with push button 
automatic starters. Each of the reel motors has a 
separate automatic starter and in emergency may be 
operated from the mill supply line. 
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Electrical connections for continuous galvanizing drive. 


Motor List 


No. 1 Buller l 7% hp. 400-1600 r.p.m. 
No. 2 Buller 1—15_ hp. 400-1600 r.p.m. 
Reel Generator 1—10 kw. at 1600 r.p.m. 
Reel Motors 6 5 hp. 1150-2300 r.p.m. 


The reel motors are very considerably oversize 
because of possible future requirements. 

rhe reel generator is oversize to prevent excessive 
speed drop when operating at low voltage. 


DROP HAMMERS 


The problems in connection with motor applica- 
tions on individually driven board hammers are prin- 
cipally mechanical. The motor is mounted at the 
top of the hammer and the shock resulting from the 
drop of the head is transmitted back to the motor. 
The blows may be as frequent as 20 to 30 a minute. 
Steel feet, well braced, are essential. Cast iron feet 
will not stand this service. Roller bearings are de- 
sirable. Much trouble has been experienced with 
crystallization and breaking of coil connectors and 
pole connectors. Recently several board hammers 
were built with the following features: 

Steel feet, arc welded to the frame, and with 

a brace running across the feet. 

2. All coils, coil connectors and pole connectors 
of special oxygen-free copper. Motor wound 
single circuit to give the maximum copper 
section. Necessary bends reduced to a mini 
mum and all bends made on a large radius. 

3. The length of the coil heads and the overhang 
of the pole connectors reduced to a minimum. 
\ll pole connectors and coil heads thoroughly 
laced and dipped in a special varnish to as 
sure rigidity. 

!. Roller bearings. 

5. Cast aluminum rotors. 

}. Steel spiders. 

7. Lock washers used throughout. 

Installed some months ago these motors have 
been less free from failure. 


BUDD-McKAY SHEET PROCESSING MACHINE 


This machine is used in processing automobile 
body and fender sheets immediately before drawing 
and punching. The cold rolled sheets, as received 
from the mills, are not entirely free from strain areas, 
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which may result in tearing during the drawing, or 
surface blemishes which are apparent after ducoing. 
\s the sheet is fed into the machine it is gripped 
by a pair of pinch rolls driven through an over-run- 
ning clutch. Passing above the depressed process- 
ing roll the sheet enters another pair of pinch rolls. 
The top roll of this pair is raised by the thickness 
of the sheet, and this movement is multiplied through 
clever mechanical leverage system to close the 
switch in the circuit of the motor which elevates the 
processing roll. This upward movement of the pro- 
cessing roll carries it above the level of the pinch 
rolls, forming an inverted U in the sheet, drawing 
the necessary material through the entering pinch 
rolls, which are permitted to speed up by the over- 
running clutch. Beyond the second set of pinch rolls 
is a roller leveller, through which the sheet passes. 

















Sheet processing machine—entering side. 


Every part of a sheet is thus thoroughly pro- 
cessed and delivered from the leveller rolls flat and 
entirely relieved of all strains. Experience has dem- 
onstrated that to be most effective, this processing 
must precede the drawing by not over two or three 
hours. In practice the processing immediately pre- 
cedes the drawing, the machine being located direct- 
ly in front of the presses. 

The roller leveller and both sets of pinch rolls 
are driven by a four-speed, constant torque, squirrel- 
cage motor. The speed at which the machine 1s 
driven depends upon the thickness of the sheet being 
processed. A small, motor driven pump sprays oil 
on the rolls during the processing operation. 

Hatchway limit switches contro] the extent of 
travel of the processing roll. When the sheet com- 
pletes its passage through the second set of pinch 
rolls the processing roll is automatically returned to 
the lower position so the next sheet can be entered. 

The control panel provides for automatic, level- 
ler, or foot operation. Under the first condition the 
processing roll automatically is raised and lowered 
as previously described. No attention is required 
from the operator other than to feed in the sheets. 
Under the second condition the machine operates 
as a leveller only. Under the third condition the 
processing roll is under the control of a foot switch 
and is operated when necessary. 

To reduce to a minimum the portion of the sheet 
not processed, exceedingly rapid upward movement 
of the processing roll is desirable. Equally rapid 
downward movement is desirable to permit the en- 
trance of the next sheet with a minimum of delay. 
The processing roll is elevated in a fraction of a sec- 
ond, only two and one-half revolutions of the motor 
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being necessary for the full travel of the roll. The 
same is, of course, true for the downward movement. 
The drive requires a motor with a high starting 
torque, capable of accelerating very rapidly. <A spe- 
cial low WR? rotor is used. The brake wheel which 
is mounted on a motor shaft is also specially design- 
ed to have a low WR. 

The equipment handles sheet up to No. 16 gauge 
and permits the passage of a sheet ninety inches 
wide. The sheet passes through the machine at the 
rate of 120 feet per minute when the four-speed 
motor is operating at its high speed. The machine 
was originally designed to handle ten sheets per 
minute but its operation has been so successful that 
twenty sheets per minute is not unusual. 

On several machines designed to handle ten sheets 
per minute the elevating motor proved inadequate 

















Sheet processing machine—delivery side. 


when the output was otherwise successfully pushed 
up to twenty sheets per minute, requiring forty 
starts and stops of the motor which raises and low 
ers the processing roll. Space requirements prevent- 
ed the use of a larger and more liberal motor and 
the use of a water-cooled motor was decided upon 
The water-cooled motor successfully handles the 100 
per cent increase in the starts and stops. Later ma 
chines designed for operation with twenty sheets per 
minute are using a 450 r.p.m. motor, whereas the 
original machines use a smaller motor at 720 r.p.m. 
Motors: 

Main drive for pinch rolls and levellers. 

10 or 50 hp., constant-torque, 1750, 1150, 860, and 

570 r.p.m., squirrel-cage motor. 

Processing roll, elevating drive, special torque 

motor; 720 r.p.m. for ten sheets per minute, and 

150 r.p.m. for twenty sheets per minute. 





Sketch showing sheet before and after elevation of 
processing roll. 
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WATER-COOLED MOTORS 


For certain special applications the use of water- 
cooled motors in the steel mills seems to be a logical 
development. Heat may be removed from the inside 
of a motor exactly as it is removed from the cylin- 
ders of an automobile engine. So little water is re- 
quired to cool an electric motor that it is desirable 
to take the water from the plant supply rather than 
to provide a closed system with a cooling radiator. 


In an open motor air cooling is so simple and 
effective, the cooling medium reaching all exposed 
parts of the core and windings, that it will probably 
never be replaced. In the case of an enclosed motor, 
however, the dissipation of the heat by pipe ventila- 
tion, or even outside fan cooling, is so much more 
expensive that water cooling may well be considered. 
This is particularly true where the losses to be dissi- 
pated are large compared with the size of the motor, 
such as in high slip motors and motors which are 
frequently started and stopped. 


The heat absorbing capacity of water is 3500 
times that of an equal volume of air for the same in- 
crease in temperature of the cooling medium. In 
other words, it requires 1122 heat units to raise 1 
cubic foot of water 10° C. and only .32 heat units 
to raise 1 cubic foot of air by the same amount. Nu- 
merous tests have demonstrated that to maintain a 
water-cooled motor at 55° C. temperature rise .1 gal- 
lon, or .0134 cubic feet, of water is required for each 
kw. of loss. If air was used as a cooling medium 
instead of water, and if the temperature rise of the 
cooling air was the same as the cooling water, we 
would expect to require 3500 times .0134, or 47 cubic 
feet air per minute for each kw. loss to maintain an 
air cooled motor at 55° C. temperature rise. Due 
to the less intimate contact of the air with the parts 
to be cooled the temperature rise of the cooling 
medium is less than it is when water is used for 
cooling with the result that to dissipate the same 
amount of heat, proportionately more of the cooling 
medium must be used. Instead of the 47 cubic feet 
of air per minute per kw. loss which might be ex- 
pected, it is found that in a pipe ventilated motor, 
where the air is blown through the motor rather 
than over the surtace, it is wise to provide a mini- 
mum of 100 cubic feet of air per minute per kw. of 
loss to maintain a motor at 55° C. temperature rise. 
Summarizing, to maintain a motor at a 55° tempera- 
ture rise requires .0134 cubic feet of water per min- 
ute per kw. loss in a water cooled motor and 100 
cubic feet of air per minute per kw. loss in an air 
cooled motor. 


As an example of the effectiveness of water cool- 
ing, a 5 hp., 1800 r.p.m. motor, with core and wind 
ings duplicating an open motor, has been operated 
at 50 per cent overload without exceeding a tem- 
perature rise of 40° C., by passing a sufficient quan- 
tity of water through the frame. This is cited as an 
interesting illustration. Such overload operation 
should not be contemplated regularly, as the motor 
is not designed for it electrically or mechanically. 


In a fully enclosed motor all of the heat dissipat- 
ed must pass through the enclosing metal parts. The 
same is true of a fan-cooled motor and a water-cooled 
motor, but in this case the heat is picked up from 
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the surface and carried away by the cooling medium. 
As pointed out earlier in the paper, water much more 
effectively picks up the heat from the surface than 
does air. Both the water-cooled motor and the fan 
cooled motor represent a lower first cost than the 
fully enclosed moter, but both of them must be 
charged with the supply of their cooling medium. 
In the fan-cooled motor this is represented by power 
required to drive the fan and in the water-cooled 
motor by the cost of supplying the water to the 
motor. 

Water-cooled motors are particularly effective 
when the surrounding atmosphere is at high tempera 
ture. The water-cooled stator acts as a jacket pro 
tection against the high outside temperature, as well 
as a means of efficiently and economically removing 
the heat generated in the motor itself. 

















Water cooled A. C. motor. 


The cast stator frame is cored out for the water 
passages as is the cylinder block of an automobile 
engine. The walls enclosing the motor are solid 
without gasketed joints and leakage to the inside 1s 
impossible. Excepting when the surrounding tem 
perature exceeds 60° C., water cooling of the end 
bells or brackets is unnecessary. Unless the motor 
is located where there is no danger of freezing, pro 
vision should be made for a valve at the bottom otf 
the motor for completely draining the stator frame. 
There should be no more rust and deposit than is 
found in the cylinder block of an automobile engine. 
Plates for inspection and cleaning add but little to 
the cost of the motor. 

The danger of condensation within the motor its 
present the same as it is with all fully enclosed mo 
tors. Provision should be made for draining the in 
side of the motor through a plug at the bottom. 

Suitable protection should be included in the con- 
trol to prevent the motor from operating should the 
water supply fail for any reason. 

While the use of water cooled motors in the mills 
should be considered to be in the experimental stage, 
such a type of motor may well be considered for ap 
plications where the windings must be totally en 
closed, where the surrounding temperature is high, 
where unusual service demands, such as frequent re- 
versal, result in large losses to be dissipated, or 
where space is limited. 
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W. E. Miller: Mr. MacCutcheon’s paper has 
brought to my mind the thought that we should use 
the same care in applying motors to most of our 
steel mill drives that he has demonstrated to us in 
the application of motors to these unusual drives. 
We often apply a motor to a job just because it hap- 
pens to be handy in surplus, and we are no doubt 
paying a heavy penalty for this practice. I feel we 
ought to look a little closer into the characteristics 
of motors we use from day to day and get the right 
motors on the right drive. 

We would like to hear from anyone present who 
has anything to say about this paper. We would 
like to hear from Mr. Farrington. 

J. Farrington: We attempt to cool our motors by 
applying water from the outside rather than circulate 
it on the inside. We have designed some motors to 
carry a heavy over-load by applying the water on 
the outside. We will be interested in seeing which 
of these two systems prove the best. 

G. E. Stoltz: I would like to make a suggestion 
that some of the auxiliary drives require more study 
than the application of the primary motors. I don’t 
know whether I understood Mr. MacCutcheon in his 
definition of primary and secondary drives and their 
problems but some of the secondary drives really 
require more attention than the primary. I have in 
mind some of the applications described by Mr. R. 
H. Wright in his paper presented at this convention 
such as the use of a motor on a flying shear. 

We have spent more time and had more difficult 
problems to meet on some of the auxiliary drives 
than on the main drive applications. 

I want to sanction Mr. MacCutcheon’s idea that 
some of these require a great deal of attention. I 
would not label them for secondary consideration or 
of a secondary type; I would give them a primary 
position. Often the operation of the small motors 
must be synchronized with the mill proper. 

We have attacked the problem of cooling some 
of these small motors a little differently from what 
Mr. MacCutcheon has. He raises the question as to 
why not give the small motor as much ventilation 
or give it cooling air the same, as we do in main 
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drives. It is becoming customary in some of the 
large continuous mills to provide artificial ventilation 
for the main motors. One of the reasons we venti- 
late the large motors is that we invariably and fre- 
quently operate over a fairly large speed range, and 
if the fans on the rotor are designed to properly 
ventilate them at top speed they don’t get much air 
through them at a slow speed. 

In developing fan-cooled motors, the smaller ma- 
chines have the fan on the outside. The air flows 
then through the frame or through cored holes in 
the frame. On larger machines we found a practical 
design could not be based on that type of ventila- 
tion and a frame casting was provided with a series 
of cored holes through the entire circumference. A 
blower was added to cause a definite circulation of 
the air inside through alternate cored holes in the 
frame, and then the fan on the outside of the motor 
drove air through the other half of the cored holes. 
We have a definite circulation inside and a definite 
circulation outside, and the air from these two sys- 
tems being driven through alternate ducts in the 
frame. This effected a very pronounced increase in 
rating of motors. 

A. J. Standing: I will agree with Mr. MacCut- 
cheon and Mr. Miller that we should go into the 
application of small machine drives with a great deal 
of care. I want, however, to point out the fact that 
when the N.E.M.A. motor came to the steel trade we 
thought the millenium was here as far as interchange 
of motors and mounting and duplication of spares 
and space; and now the motor manufacturers have 
begun to develop entirely special motors for special 
applications and N.E.M.A. rating is entirely shot, 
which means we have special machine tools and an 
assortment of entirely odd motors to maintain. We 
do not always have the latitude we would like to 
have in the selection of electrical equipment on some 
of these machine tools. 

An expression that Mr. MacCutcheon used is 
very apropos. He said, the “machine tool motor is 
tucked in somewhere.” We know the motors are 
tucked into machine tools and I think the time has 
come to untuck some of them. Machine builders 
hide them away without the least regard to their 
accessibility when they have to be overhauled, and 
when you tuck the motors inside the machine tool 
they introduce inherent vibration in the machine it- 
self, which is transmitted into the tool and some- 
times is injurious to the product. Even if the orig- 
inal motor is perfectly balanced when the original 
application is made, a rewind of the armature in our 
service shops may very materially effect the subse- 
quent balance and result in increased machine vi- 
bration. 

The drive for greater portability of machine tools 
is largely responsible for this modern built-in drive. 

H. A. Winne: I want to endorse Mr. MacCut- 
cheon’s and Mr. Stoltz’s remarks to the effect that 
what Mr. MacCutcheon terms the secondary auxiliary 
drives, deserves real engineering attention. This ap- 
plies not only to the motors, but to the control as 
well. Very often the control on these small drives 
involves more real complication and causes us more 
headaches than does that, for example, on the 7000 
hp. reversing blooming mill drive. 

As regards adjustable speed motors for some of 
these special drives, I think we should not lose sight 
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of the fact that the mill type auxiliary motor 1s 
available for adjustable speed service. This type of 
motor, with which we are all familiar, and which has 
such a wonderful service record under severe condi- 
tions, can be equipped with shunt fields which will 
permit a range of speed by field control of approxi- 
mately 2%:1. The adjustable speed mill type motor 
is finding a great many applications in modern mills, 
particularly in connection with the continuous types 
of mills, for table drives, etc. 

Mr. MacCutcheon mentioned a desire to see pro 
vision made for ventilating auxiliary motors by means 
of connecting them up to an air duct extxending 
through the mill. Such provision is being made in 
a number of the more recent mills, and it proves a 
very efficacious method of keeping the motor thor- 
oughly clean, and also getting more output from it. 
You can take an enclosed mill type motor with a 
l-hour rating of 35 hp., and by putting sufficient 
air into that motor, you can get 35 hp. continuously 
without overheating. 

There is one point that must be borne in mind, 
and that is, while piping air to the motor will permit 
increasing its continuous or time rating, it does not 
increase the maximum peak capacity, which is lim- 
ited by commutation. But even where the size of 
the motor is determined by its peak capacity, piping 
air to it ensures that it will be kept clean, i.e., as- 
suming that the air is filtered. 

There is one installation going in at the present 
time in which air is being piped to the motors, but 
there will be no air outlet from the motors, the idea 
being simply to keep sufficient air pressure in the 
motor so that there will be no ingress of dust or 
foreign matter, even through the small holes pro- 
vided for lubrication in the bearings. In other words, 
it is expected to keep the motors spotlessly clean. 

J. C. Reed: I have enjoyed Mr. MacCutcheon’s 
paper very much and am interested in the water- 
cooled motor. The idea is by no means new, but 
heretofore there has never been a motor manufac- 
turer who was willing to bring out a line of motors 
of this type, due to the fear that there would not be 
sufficient market for them. There is, however, a 
limited market for motors of this type and I have 
many times wished for a water-cooled motor. 

In the steel industry we are called upon frequent- 
ly to install motors in locations where the air tem- 
perature is so high that we must resort to some 
means of cooling the motor, and the simple and con- 
venient means of turning compressed air on, or into 
the motor, is used. In some cases the motors are 
totally enclosed and a fan is used to bring air through 
a pipe to the motor. This is usually an expensive 
as well as a troublesome installation and reasonably 
clean air is not always available. Then again, in 
case of a short or a bad flash in the motor there is 
danger of the motor getting on fire and the presence 
of the air increases the fire and one has a miniature 
blast furnace which totally destroys the motor. A 
water-cooled motor has none of these objections and 
I believe they will come into common use as soon 
as they are made available. 

I wish to thank Mr. MacCutcheon and his com- 
pany for taking this progressive step. 

A. M. MacCutcheon: I was greatly interested in 
Mr. Stoltz’s comment on cooling a motor with a fan 
not running at the same speed as the motor. Ap- 
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parently our thoughts have run along parallel lines, 
as we have developed a similar application. Mr. 
Hough has described a water-cooled motor used for 
elevating a processing roll where there are 40 oper 
ations a minute. On another application, where the 
duty was equally severe, a fan-cooled motor was 
used with the fan independently driven by a small 
motor, the motor and fan mounted on the end bracket 
of the motor. The fan was continuously running, 
even though the motor was stationary. ‘The control 
was so interlocked that the main motor could not 
operate if the fan motor were not running. Since 
the main motor makes but two and a half revolu- 
tions in each operation, a fan mounted on the shaft 
of the main motor would be of no value. This ap 
plication worked out very satisfactorily, as did the 
application which Mr. Stoltz has described. 

The most remarkable feature of a water-cooled 
motor is the very small amount of water necessary 
to accomplish the cooling. If a fan-vooled motor is 
charged with the electrical power necessary to oper 
ate the fan, water-cooling will, undoubtedly, prove 
to be more economical. 

Mr. Standing has commented on our departure 
from N.E.M.A. standardization. This comment is an 
excellent one. In developing these special motors 
there is some departure from the N.E.M.A. stand 
ardization. I believe that there will always be mo 
tors built for special applications which will differ 
from standard motors. However, in making special 
motors, such as water-cooled motors, N.E.M.A. di- 
mensions form the basis from which we work, and 
a large amount of interchangeability still remains. 
In fact, the water-cooled motors which we have made 
have the same mounting dimensions as the standard 
N.E.M.A. motor. I feel that the industry is much 
better off than it would be had the N.E.M.A. stand 
ardization not been accomplished. In the case of 
the water-cooled motor the water-jacket simply takes 
the place of the air-jacket, and does not increase the 
mounting dimensions in any way. 

As regards making a d-c. motor water-cooled: 
In the case of the d-c. there is ore difficulty not 
present on an a-c. The d-c. frame is of either rolled 
or cast steel. It is much simpler to secure a casting 
with water passages cored in in cast iron than in 
steel. Cast iron is that material least affected by 
impurities in the water. I would not say that it is 
impossible to make a d-c. motor water-cooled, but 
it is more difficult. I feel that, the making of a 
water-cooled motor could be accomplished through 
the use of a cast steel frame, also through the use 
of a welded steel frame. The expense will be a 
greater proportion than in the case of an a-c. motor. 
It is not, of course, impossible to use a cast iron 
frame on a d-c. motor of a much greater magnetic 
section. 

There is one point covered by Mr. Hough which 
I would like to further emphasize. There is no 
opening from the water passages to the inside of the 
motor. Gaskets are not depended upon to exclude 
the water from entering the motor. The cored pas 
sages through which the water passes are separated 
from the inside of the frame by solid cast iron walls. 
Castings are secured with close grain and are care- 
fully inspected against any possibility of defect 
which would permit entrance to the inside of the 
motor by the water. 
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Mr. Farrington’s discussion brings to my mind an 
installation that is soon to be made in one of the 
steel mills. The motors being supplied have cast 
frames with cored openings for the circulation of 
water, and four covers approximately 90° apart. The 
motors are to be installed on a coiler. It is very 
desirable to keep all of the motors interchangeable, 
which accounts for the four covers. In any one of 
the mounting positions one of the covers comes ap- 
proximately at the top, and another approximately 
at the bottom. The motors may operate as straight 
fully-enclosed motors, as motors cooled by a splash 
into one of the cover openings draining from the 
opposite opening, or as true water-cooled motors 
with the mill water carried to the motor frame under 
the mill pressure. If it is desired to operate the 
motors as straight fully-enclosed motors the proper 
covers will be removed from the motor so as to per- 
mit of a circulation of air through the passages pro- 
vided for the water-cooling. 

The permissible rating with the water-splash will 
be 50 per cent greater than as a straight fully-en- 
closed. ‘The rating with the mill’s pressure applied 
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and a controlled amount of water passing through 
the frame will be two and one-half times the fully- 
enclosed rating. If the duty imposed on the motors 
does not exceed the rating of straight fully-enclosed 
no water will be supplied. If experience shows the 
necessity for an increased rating splash will be di- 
rected into the cored passages. If for extreme con- 
ditions of operation a still higher rating is necessary, 
the mill water pressure will be connected to the 
motors. 

[I do not feel that water-cooled motors will be 
used excepting on special applications where there 
is a very high surrounding temperature, or where 
there is an excessive loss within the motor due to 
frequent starting and stopping, or under somewhat 
similar conditions. However, I believe there is con- 
siderable opportunity for installing such motors in 
steel mills to the advantage of the user. 


W. E. Miller: When the water-cooled motor is 
mentioned, at first thought one thinks of the fact 
that water and electric currents usually have detri- 
mental effects when mixed. 


Industrial 


Electrical Equipment 


By J. D. DONOVAN, 
Mechanical and Electrical Supt., Republic 
Steel Corporation, Massillon, Ohio 


It is with a distinct feeling of pride that I exer- 
cise the privilege of taking part in this meeting of 
your worthy organization, the National Safety Coun- 
cil. Such pride is surely justified by your excellent 
record in accident prevention, but there is a second- 
ary source which may perhaps be best indicated by 
quoting the words of one of your former vice presi- 
dents, Mr. H. A. Renninger: “The National Safety 
Council looks upon the Association of Iron and Steel 
Electrical Engineers as the god-father of the Safety 
Movement in America—for, as you will remember— 
it was by the members of your own group and at 
your 1912 Convention, that a nucleus of safety lead- 
ers first conceived the idea of organizing a National 
Association to study the national accident prevention 
problem and establish a clearing house of informa- 
tion for safety in the workshop, on public highways 
and in our homes. It must be a source of great pride 
to the members of the Association of Iron & Steel 
Electrical Engineers to observe the growth of your 
god-son.” Let me assure you that it is a source of 
great pride to our Association to observe our son’s 
development. 

The Safety Movement, whether it be in a steel 
mill, on a railroad, or elsewhere, is a great creation; 
in fact, it is one of the greatest creations that the 
world has ever known, as it affects every man, 
woman and child in the world. There are many great 
things in the world but very few that reach and 
concern all the people. The beginning of Safety was 


Presented before the National Safety Congress 
held in Cleveland, Ohio, October | to 5. 





J. D. DONOVAN 


manifested to us by the Creator of the world in the 
creation of man—in the location of the senses, which 
were developed to an acuteness to suit the occasion. 

Today, as a general rule, in all lines of industry, 
safety has become as much a part of the business as 
any of the production methods. We therefore see 
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safety devices of all kinds and description to permit 
the various manufacturing operations to proceed with- 
out personal injury to the operators. Careful con- 
sideration has been given to the selection of equip- 
ment, application of guards and safety appliances, 
which automatically keep those employed in straight 
production work within the confines of safety. 

With the man employed in maintenance work we 
have quite a different proposition. Usually to get at 
the seat of trouble or do some repair job, he must 
tear down or remove the safety equipment provided 
for the production employee and must personally 
provide for his own safety. This is especially hazard- 
ous around electrical equipment because the pres- 
ence of potential does not register on the senses of 
sight, hearing or smell. \When we feel it, the damage 
is done. 

It is therefore imperative that men employed in 
electrical maintenance should be of the highest type, 
especially trained for this kind of work—not only 
how to do it, but should realize the dangers present. 
In order words, the personal element is very greatly 
involved in the safe conduct of this class of work. 

The subject—“Safe Maintenance Work on Indus- 
trial Electrical Equipment’”—is one that merits serious 
consideration, for there is no branch of industrial 
maintenance that presents the same hazards to severe 
injury as is found in work on electrical equipment 
and installations. 

The generation, transmission, distribution and 
utilization of electricity is accompanied by a consid 
erable hazard to humans from electric shock, com- 
monly termed the “shock hazard.” Perhaps the first 
“shock hazard” on record was experienced by Ben- 
jamin Franklin when he touched the key on the 
string of his classic kite. Since the harnessing of 
electricity to the service of mankind, its development 
and application multiplied the hazards so rapidly and 
greatly that our practices required constant revision. 
Our ideas were necessarily kept more or less in a 
state of flux— a situation which must also be met 
today by our industrial leaders in meeting current 
business conditions. 

Even a slight shock, while not in itself harmful, 
may at times result seriously by causing the work- 
man to loose his balance while working in a danger- 
ous position, or to cause a sudden and uncontrolled 
movement of some part of the body, which may re- 
sult in bringing tools or parts of the body into con 
tact with live parts of a circuit, which may present a 
more serious hazard. The shock hazard naturally 
falls into two groups: High voltage and low volt 
age. 

The high voltage hazard is the result of the pos- 
sibility of the higher voltages of a ‘transmission or 
distribution system being imposed upon the low volt- 
age wiring systems, due to the breaking down of a 
transformer, the crossing of high and low tension 
wires, etc. This dangerous condition exists only 
under abnormal conditions, but while such conditions 
do not occur frequently, they are, of course, very 
serious when they do exist. 

In the larger industrial establishments, which have 
transformers installed on the premises, the chance of 
a cross between a high and low tension wire is re- 
duced to a minimum. The low voltage hazard, how- 
ever, is much more serious due to several factors, per- 
haps the principal one being the use of portable 
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tools, hand lamps, etc., under conditions where a 
breakdown of the insulation is almost sure to result 
in a more or less serious shock owing to the good 
conductive conditions which generally prevail. In 
our experience during the past several years there 
have been more serious accidents from low voltage 
than from high voltage. This would lead us to the 
conclusion that not enough serious attention is be- 
ing given to the low voltage hazard. It is our 
opinion that a great deal of consideration and atten- 
tion should be given to this particular phase of elec 
trical maintenace. 

The problem of operating and maintaining high 
voltage equipment and overhead electric lines from 
the standpoint of man-safety is similar to that of any 
other safety problem. It is peculiar, but true, that 
the accident ordinarily occurs from what is common- 
ly considered to be a non-hazardous situation; for 
the problem that presents the known hazard is very 
carefully thought out. It is checked and each situa 
tion fully covered and preventative action taken. The 
workmen themselves under this situation are highly 
alert during the progress of the work because of its 
unusualness. A thorough, full and detailed knowl- 
edge of ali the hazards that make up the problem is 
therefore required and it is apparent that care and 
attention to detail is the essence of working safely. 

In the other case where situations are such that 
practically no hazard is apparent, the detailed check 
ing may be either absent or loosely performed, and 
the workman goes into a situation in which he is 
either ignorant of the hazard, cr if a hazard is pres 
ent and it is apparently of a minor nature, there is 
lack of concentration on the hazard because it is a 
minor one. 

Fundamental principles that relate to efficiency 
and safe operation of electrical equipment are fairly 
well understood. The full application of them is 
neglected not so much because of lack of knowledge 
as because of lack of capital in some cases, and fear 
to invest it in others. Nothing has ever been done 
toward making electrical equipment more efficient 
that did not result in making it more safe, and noth- 
ing has been done to make it more safe that did not 
result in higher producing efficiency. 

The accident prevention problem involves two es 
sential eclements—“Safeguarding and Education.” 

In the application of safeguards there are two 
thoughts to keep in mind. The first thought is the 
protection of the workman; the second is the output 
of the miil; taken together they constitute the proper 
application of an efficient safeguard in relation to 
production. In safeguarding electrical apparatus we 
find one of the most difficult problems to safeguard 
is familiarity—‘“Familiarity breeds contempt.” At 
one time it was the opinion of many that safeguard- 
ing equipment and providing means for operation be 
iieved to be safe, would have no perceptible effect in 
lowering accident records, but results go to show the 
error of such an assumption. Credit is given to both 
safeguarding and educational training. Methods and 
rules set up today in all progressive industrial plants 
tend to cut to a minimum the chance of accident in 
maintenance work on electrical equipment. This is 
true for mechanical as well as electrical maintenance 
men. 

Naturally one of the first considerations in safe 
maintenance work is in the original installation of 
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equipment. No doubt the frequency of accidents in- 
volved in maintenance is in proportion to the man 
hours spent on this kind of work. Therefore, by 
careful selection and installation of approved equip- 
ment, we naturally lessen maintenance and the haz- 
ards which accompany it. Manufacturers of electrical 
equipment have done much to help industrial safety 
by incorporating safety features in their products. 
With the expanding of the application of electrical 
power in ail industries more men are continually be- 
ing subjected to certain hazards connected with its 
use. For this reason it is now very important that 
new installations be made with only approved safety 
electrical equipment. 

It is the general opinion of safety engineers that 
all electrical apparatus be enclosed so that only au- 
thorized persons can possibly come into contact with 
current carrying parts. No open wiring is permitted. 
The electrical engineer in the steel mill has a differ- 
ent problem because every piece of electrical appara- 
tus that is installed must be done in a manner that 
will permit ready removal in case of trouble. It 
must be accessible for inspection and repairs, and at 
the same time meet the safety requirements. Motors 
must be installed so that the whole motor may be 
removed quickly in case of motor faslure and at the 
same time comply with the safety requirements by 
not having any exposed wires. Mills built previous- 
ly to the days of rigid safety demands were not con- 
structed so that all the most approved methods for 
safety could be applied. However, you will now 
find that practically all have met present day safety 
requirements. 

In connection with new as well as old electrical 
installations a very important safeguard is safety 
locks. ‘Too much stress can not be laid on the con- 
scientious use of safety locks. We are of the firm 
opinion that this is one of the greatest safeguards 
we have in connection with electrical and mechani- 
cal maintenance work, especially in the steel mill. 
Its great advantage is fully realized in our work 
and great emphasis is placed on it in our safety edu- 
cation. Hasps for safety padiock are now standard 
equipment on low voltage enclosed safety switches. 
The steadfast rule should be made that no mechan- 
ical or electrical repairs, regardless of how trivial, 
can be made unless each craft working on the job 
has placed a safety lock, locking the power feeder 
open on the switch. In days gone by it was felt safe 
to have a control switch to lock open when men 
were working on some electric driven equipment. 
Due to the possibility of grounds, shorts, or contac- 
tors sticking, this method of protection has proven 
inadequate and in many plants entirely discarded. 
If the employer is willing to take the additional de- 
lay caused by taking time to lock out the machine, 
why should the man not take this safeguard afforded 
him? If the main power feeders are manually opened 
and locked open, the machine cannot start. This 
same precaution should also be used on high voltage 
lines and equipment, as will be discussed later. 

The list of accidents directly chargeable to switch- 
es, that is burns and shocks from contact with live 
parts of switches, is a very long one. The list 
of accidents chargeable to unexpected closing of 
switches is also a very long one and the results are 
usually more serious than from contact with parts 
of switches. The contacts may result in burns or 
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shocks; closing unexpectedly may result in running 
machinery over persons, crushing them between mov- 
ing parts, entangiing them in gears or belts and nu- 
merous other things injurious to persons and prop- 
erty. While we might consider that burns or shocks 
from direct contact with parts of a switch are not 
often serious and could be avoided by using a rea- 
sonable degree of caution, the fact is that they do 
occur and most frequently with those who might and 
do know they should exercise caution. Some of the 
burns from flashes are on the eyes and it is not un- 
common for the result to be total loss of sight, an 
affliction that ranks with the most deplorable that 
can result from accidents. 

In working with electrical equipment, one all im- 
portant general rule should be rigidly enforced 
“OPEN BREAKER AND DISCONNECTS”—in 
our opinion highly important. All main oil switches 
should be interlocked with disconnects so that it is 
impossible to open disconnects without first open- 
ing the oil switch. This interlock can either be 
mechanically or electrically operated, or a combina- 
tion of both. To merely open an automatic oil 
breaker is not a sure way of preventing its closing. 
The normally operated disconnecting switches must 
be opened and either the cabinet enclosing them be 
locked or else the blades themselves be tied and 
locked out! In this operation there is again danger 
of opening disconnects under load. This is elimi- 
nated by interlocking the oil breaker with the dis- 
connects, either mechanically or electrically, in order 
that blades cannot be opened unless the oil breaker 
is open. There have been many serious accidents as 
the result of opening disconnects under load. Every 
precaution must be taken to prevent such opening: 
First, for the safety of the operator who has to open 
the switch; and Second, to prevent the serious break- 
downs which may develop from the are created by 
the opening. 

On the smaller systems, where the smaller switch- 
es are adequate, mechanical control through levers 
operated by hand is perfectly practicable. In the 
large systems the main oil switches are so heavy as 
to make manual control impracticable, and it  be- 
comes necessary to close and open the switches by 
means of electrical power. This introduces in place 
of the simple direct hand control, a more complicated 
electric circuit in which the storage battery, relay 
and trip coil are the more important elements. When 
it becomes necessary to operate one or more break- 
ers in a substation electrically, there are advantages 
in electrical operation which more than offset the dif- 
ficulties involved in the additional complication and 
make it very desirable that all of the switches in the 
station should be electrically operated. The two most 
important advantages derived from electrical opera- 
tion are: Ist, Safety, and 2nd, Flexibility of Auto- 
matic Control. Through electrical operation only 
tow voltage circuits are on or near the control board 
which the operator handles. All of the primary or 
high voltage circuits are located at a distance from 
the operator, thus eliminating the possibility of the 
operator coming in contact with live parts in his 
routine work or from suffering injury due to break- 
down. 

Emergency switches, often called safety devices, 
are usually remote control devices and should not be 
trusted to protect a man while working on equipment. 
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Emergency switches are also employed as safety 
stops. Here we have the possibility of failure due to 
grounds, etc. Such switches shouid be tried out daily 
if they are to be depended upon. Generally speak- 
ing, emergency switches should be inspected and 
operated at frequent enough intervals to insure 
their positive operation in event of emergency. The 
hazard involved and atmospheric conditions would be 
the controlling factors. 

It may be well to list the tools that should be 
available at all substations for the safety of the elec- 
trical maintenance men. 

1. Disconnect poles of the various lengths re- 

quired should be provided. Incidentally these 

poles should be kept in a location where they 
will be positively dry at all times and must 
be well shellacked. 

2. Disconnect lock outs are a part of the substa 
tion safety equipment. 

3. Voltage indicators for testing high voltage 
lines and conductors before applying grounds 
are important. 

!. Ground chains and sticks, provided with clamps 
to insure ready and positive connection to 
ground, should be available together with dry 
hand lines. 

Each maintenance man should be provided with 
goggles, safety lock and belt as part of his personal 
safety tools. Careful inspection of safety belts at 
regular intervals is important. 

Hand tools should be well selected and maintained 
co insure safety. Good tools should be used as many 
accidents have been caused by using poor tools or 
using a wrong tool on account of proper tool not be- 
ing available. 

Clothing and shoes should be watched carefull 
to avoid trouble. The’ clothing should be dry and 
free from excessive amounts of inflammable mate- 
rials, and should be as close fitting as possible. For 
line gangs doing maintenance work in wet weather, 
rain coats, hats and rubber gloves are important. 
Shoes should have good soles properly fastened, as a 
loose sole is a dangerous hazard. Safety shoes should 
be worn. A safety shoe for an electrician should be 
free from any metal and should, of course, carry an 
insulated sole. Non-slip soles are very desirable. 

The educational side of any safety work is very 
important. Providing safety rules for guidance of 
employees, in order that they may do their work 
in a manner that accidents will be avoided, is a sub- 
ject that has been much discussed by persons inter- 
ested in safe guarding employees. No doubt, as one 
looks back to the inception of electrical equipment 
generally and compares the accident records then and 
now, it is surely gratifying to note the strides that 
have been made in safety as regards electrical main- 
tenance work. Your Council, as well as all others 
responsible for this great work, are to be sincerely 
congratulated and encouraged to continue this good 
work. 

As for methods and safe practices to be em- 
ployed to prevent injuries from high voltage equip- 
ment, all plants set up their own rules. The power 
companies have their rules for working on such equip- 
ment and so do the steel mills. ‘To attempt to set up 
a standard set of rules that would be applicable 
to all plants is out of the question. What we wil! 
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enumerate on high tension rules are those which 
seem to have general prevelance. 

1. Working on high voltage lines or equipment. 
Anyone who is required to work on High Voltage 
(Defined as 440 and higher) must get in touch with 
the Electrical Foreman, who will see that all proper 
precautions have been taken for the protection of 
workmen. The Electrical Foreman will be entirely 
responsible for clearing the line, and for the safety 
of the men. 

2. Opening breaker and disconnects. Before men 
work on high voltage lines or equipment, breaker 
must be opened and disconnects must be opened at 
both ends of line or equipment and properly pro 
tected by lock or other means to prevent anyone 
from throwing same in while men are at work on 
lines or equipment. 

3. Grounding. Before starting work on _ high 
voltage lines, all conductors leading to the point 
where work is to be done must be tested with volt 
age indicator, grounded and shorted on both sides of 
the point where work is to be done. Standard ground 
stick or chain is to be applied, first to the ground 
connection, then to conductor as close to point of 
work as possible. Ground chains must be pulled 
across conductor with dry hand line. 

4. Clearing the line. The Electrical Foreman 
must assure himself that every man is off the 
line before removing grounds, and all grounds must 
be removed before disconnects are unlocked. 

5. Restoring power. The operator in charge of 
equipment which was shut down must be notified 
by the Electrical Foreman who was working on lines 
or equipment when same is clear for restoring power, 
or by foreman in charge of work if same carries on 
beyond the time of work of the man giving original 
notification. 

6. Exposure to High Voltage Lines. No work 
man or group of workmen will be permitted to work, 
carry tools, material or equipment on or about any 
building, roof, pole or tower where he or they may 
be exposed to the possibility of contact with a high 
tension line, without the knowledge and approval of 
the Electrical Foreman of the particular department. 
Sufficient advance notice should be given in order to 
insure proper planning and execution of the work. 

?. In order to prevent accidents through mis 
understanding, operators in charge of equipment re 
ceiving unwritten messages or instructions shall re- 
peat them back to the sender. Persons issuing such 
unwritten messages or instructions shall require the 
receiver to repeat back to him such instructions. The 
sender and receiver of such messages should secure 
the full name and title of the other party. 

8. Foreman in charge of workmen having work 
of any nature to do which will expose them to sucha 
hazard, will contact with the Electrical Foreman in 
charge of the department in which such work is to 
be done and will not proceed with the work in hand 
until advised by him to do so. 

9. If, in the opinion of the Electrical Foreman, 
the location of the work is of such a nature that 
there is a possibility of the men making a mistake 
and blindly moving into adjacent or overhead live 
lines or equipment or placing any of these workmen 
in danger through contact with such lines, he will 
designate an experienced man to stay with and guard 

(Continued on page 462) 
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Nitrogen In Metallic Arc 
Weld Metal 
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As time passed, electric welding 





More than three-quarters of the 
atmospheric air consists of nitrogen, 
therefore, it is very necessary 
know how this element affects weld- 
ing, and perhaps it will be useful to 


to [N hereby presenting Dr. Miller's 
paper, which was delivered be- 


fore the A. |. & S. E. E. at its 


was continually extended to the 
fields where welds had to possess, 
not only strength, but also high duc- 
tility, resistance to shock, corrosion, 


review briefly what steps were grad- 30th Convention held in Cleve- etc. 

ually taken during the development land, Ohio, September 18, 19 and Metallurgists discovered in arc 
of the art of electric welding to 20, 1934, and which is an abridge- welds the presence of nitrides of 
bring under control the powerful ment of thesis submitted in par- iron which exerted a powerful effect 


effect of that gas on the welds. 
Metallic arc welding was origi- 
nated in 1890 by H. Slawianoff. Be- 
ing a metallurgical engineer with a 
thorough knowledge of electrical en- 
gineering, he was able to appreciate 
the electrical well the metal- 
lurgical side of electric welding. In 
a short time he was able to develop 


as as 


tial fulfillment of the requirements 
for the degree of Doctor of Sci- 
ence in Metallurgy, Massachusetts 
Institute of Technology, it is being 
prefaced with a short review by 
Dr. P. P. Alexander, Thomas Re- 
search Laboratories, General Elec- 
tric Company, Schenectady, N. Y. 


on the quality of the weld. Nitro- 
gen in welds increased to a certain 
extent their tensile strength, but at 
the same time reduced their ductili- 
ty. 

Pioneer work in this field was 
done by S. W. Miller of the Roch- 
ester Welding Works and W. E. 


Ruder and G. R. Brophy of the Gen- 





eral Electric Company. Later it 





arc welding to a high degree of prac- 
tical perfection, and under his direc- 
tion it was used on production work. 
An automatic arc welding machine of his design was 
put into use in the factory for welding steel and even 
copper pipes. TI urthermore, adequate fluxes for each 
type of material were used since he was using a weld- 
ing current ranging from 600 to 800 amperes. With 
his untimely death, the work was stopped, and arc 
welding in Russia became a lost art. However, this 
work was again taken up, especially in England, and 
soon developed into a fine art of arc welding with 
fluxed electrodes and comparatively low currents of 
100-150 amperes. 

In this country arc welding achieved general de- 
velopment during the World War. Many concerns 
answering the requests of the war needs (especially 
in the field of rapid construction of the amergency 
fleet of transport and cargo vessels of every kind) 
soon adapted the art of welding to local conditions 
and evolved a system of welding with bare electrodes. 

This change from the fluxed electrode to the bare 
wire electrode system was due to two factors: 

1. Because accurate tests indicated that there was 
no appreciable difference in the quality of the 
welds produced with the fluxed electrodes 
available at the time, and welds made with a 
good grade of bare wire. 

2. Electrical engineers were soon able to develop 
such arc welding generators as would give a 
perfectly stable welding arc without the addi- 
tional stabilizing effect of the flux. 

This American system of welding with bare elec- 
trodes is entirely satisfactory for many purposes, and 
for many years it was used almost exclusively in 
this country. : 
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was taken up by other investigators, 

among whom were the Bureau of 
Standards, Dr. Hensel of the Westinghouse Company 
and finally Dr. J. W. Miller. 

The presence and the effect of nitrogen on the 
welds was established. It was now a problem of 
controlling, and when necessary, of counteracting the 
effect of nitrogen. Here again the American metal- 
lurgists and electrical engineers made a notable con- 
tribution to the art, and in fact brought it to such a 
state of development that it can now be used on 
such structures as high pressure vessels, certain parts 
of steam turbines, gun carriages and other articles 
used in ordnance or naval constructions which are 
subjected to high pressures, or alternating stresses 
and repeated shocks. 

One system of protection from nitrogen consists 
in surrounding the arc and the weld by an envelope 
or a jet of hydrogen gas. The well-known Atomic 
Hydrogen Process is one of the methods of eliminat- 
ing excessive amounts of nitrogen in the welds. An- 
other system of protection consists in providing the 
electrode with a heavy covering of flux which elimi- 
nates to a considerable extent the possibility of con- 
tact of the surrounding nitrogen with the arc and 
the weld. 

Pioneer work in developing and applying this 
system to the welding of heavy pipes and pressure 
vessels on a large scale, was done by the A. O. Smith 
Corporation, Babcock and Wilcox Co., and others. 
Of course a great number of other concerns and 
independent investigators were conducting independ- 
ent developments, so that now a number of concerns 
produce excellent heavily coated electrodes which 
have advanced the American welding industry to a 
foremost place in the art. 
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A survey of the technica] literature indicates that 
a number of investigators are at work on precise 
investigations of the nature of the arc, the mechan- 
ism of formation of the arc crater, temperature of 
the arc and the effect of various factors on the stabil- 
ity of the arc, effect of the polarity, the type of elec- 
tric current, etc. 

Since the electric arc is the tool with which the 
welds are made, one must know its nature and pecu- 
liarities in order to use it with a maximum of effi- 
ciency. 

It is well established that the conduction of the 
electric current in the arc is an ionic phenomenon 
and that most of the current is being carried by the 
electrons. Yet without the continual production of 
positive ions in the are stream, the arc phenomena 
would be impossible. The facility with which the 
atoms and molecules of gases and vapors, which may 
happen to be in the space between the weld and the 
electrode are ionized, will have a very marked effect 
on the temperature of the arc and its stability and 
distribution of energy between cathode and anode. 
And these factors will greatly influence the facility 
with which nitrogen of the air will combine with the 
materials present in the arc and therefore determine 
the quality of the weld. 

The ionizing potential of oxygen, nitrogen, iron, 
titanium, calcium, sodium, and potassium, are respec- 
tively 13.5, 10.8, 7.4, 6.5, 5.1 and 4.1 volts. This 
suggests immediately that if the vapors of alkaline 
sarths or alkali metals are present in the space be- 
tween the electrodes, striking and maintaining the 
arc would be much easier than in air. In selecting 
the flux, one should also consider its effect on the 
distribution of energy in the arc. As every electrical 
engineer knows, in an electric arc maintained be- 
tween carbon electrodes, three-quarters of the energy 
is liberated at the anode, almost one-quarter at the 
cathode, and only a very small amount in the arc 
core. 

In case of an arc maintained between a steel plate 
and a carbon electrode or between a steel plate and 
a metallic electrode, the distribution of energy is 
entirely different. In the latter case the energy lib- 
erated at the cathode is about equal to that of the 
anode. Furthermore, its distribution can be greatly 
influenced by the fluxes. For instance, such fluxes as 
NaFe(SiO,).,, FeSiO,, CaMg,(SiO,),, Al,O, or MgO 
would increase the amount of energy liberated at the 
cathode. The first-named flux used on one commer- 
cial electrode will create conditions under which 60% 
of the total energy of the are will be liberated at the 
cathode. For this reason the manufacturers of that 
electrode recommend the use of reversed polarity, 
otherwise the electrode would melt too fast and the 
penetration would not be sufficient. 

Other fluxes such as CaO, TiO,, and Na,O would 
have the opposite effect, that is, a larger percentage 
of energy would be liberated at the anode. The tem- 
perature of the are could also be influenced by the 
proper selection of the fluxes. 


Turning now to the question of how, and in what 
part of the are nitrogen unites with iron, one must 
first of ali remember that molecular nitrogen does 
not react with molten iron. In the Bessemer Process, 
tens of thousands of cubic feet of nitrogen are blown 
through every ton of molten iron, and yet the in- 
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crease of nitrogen contained in the produced steel 
is small. 

To become chemically active, nitrogen must be in 
the atomic state. Yet to produce atomic nitrogen, 
it requires three times as much energy as in the case 
of atomic hydrogen, namely, 274,000 calories per mo! 
as against 98,000 calories per mol of hydrogen. Fur- 
thermore the dissociation of nitrogen into the atomic 
state does not begin until the temperature of 3500 
C. is reached, whereas the dissociation of hydrogen 
is appreciable at 1900° C. ‘This indicates that the 
contamination of iron with nitrogen can occur only 
at the arc core, that is, either along the arc core in 
the arc stream or at the foot of the arc core at the 
cathode or the anode spot” in each crater. If the 
arc core is short, and therefore more easily pro- 
tected from the contact with nitrogen, then there is 
hope that the weld will contain a small percentage 
of nitrogen even if the gas does come in contact with 
the molten metal in the crater. 

It would seem that a further study of such fac- 
tors as the composition of the fluxes, influence of the 
polarity, and the type of current used, always fol- 
lowed by the metallographic investigation of the de- 
posited metai, will be very useful and would lead to 
immediate appreciable results. 


‘é 


Dr. J. W. Miller's Paper 
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Introduction 

In recent years, the process of electric arc weld- 
ing has made very remarkable strides and has gained 
an important foot-hold in various industrial fields. 
A great deal of attention is now being given to the 
physical testing of metal deposited by the electric 
arc and a great deal of research has been, and is still 
being done, to improve the quality of the deposited 
weld metal. 

One of the most important, and yet, one of the 
most difficult problems with which the welding en- 
gineer is confronted is the control of the nitrogen 
content in the deposited weld metal. A number of 
investigators have worked on this subject but no one 
of them has endeavored to cover the entire subject. 
lor the most part, the work has been concentrated 
upon the effect of fthe nitrogen in the deposited 
metal and not upon the actual control of the nitro- 
gen content. 


The Occurrence and Appearance of Nitrides in 


Weld Metal 


In weld metal, iron-nitride occurs most frequently 
as needles, together with colorless, structureless areas, 
and Braunite. A large number of people, including 
the author, are of the opinion that these needles 
which we observe, may, in reality, be cross sections 
of plates occurring in the metal. The following 
photomicrograph, Figure 1, taken from a weld de- 
posited by a 0.015 per cent carbon, 0.016 per cent 
manganese electrode upon which was a slight stabi!- 
izing coating, shows the zig-zag manner in which the 
needles are frequently found. The metal contained 
0.112 per cent nitrogen. 

Figure 2 shows the structure of weld metal de- 
posited by a bare, 0.015 per cent carbon, 0.016 per 
cent manganese electrode. ‘This material contained 
a constituent which appeared similar to pearlite when 
examined at low magnifications. 

Regardless of how high a magnification was used 
when examining this material, no sign of the “thumb- 
print” structure, which is so common for pearlite was 
observed. By analysis, the weld metal contained 
0.916 per cent carbon and 0.135 per cent nitrogen. 
It is quite obvious that the carbon content of the 
material was so low that one would not expect to 
find any structure present which could be attributed 
to carbon. A careful study of the photomicrograph 
will illustrate however, that all of the structure pres- 
ent is very easily accounted for by the nitrogen con- 
tent of 0.135 per cent. The large dark areas are 
commonly called Braunite, and correspond, in the 
iron-nitrogen system, to pearlite in the iron-carbon 
system—both being the eutectoid structures. 

It is very common to find structureless, colorless 
areas in weld metal which contains nitrogen. A few 
such areas may be observed in Figure 1. In some 
samples, a large number of such a constituent was 
present with almost no needles. After annealing 
such samples however, there was a large number of 
needles present and very few patches of the color- 
less, structureless constituent. It may be that these 
structureless areas are due to the rate of cooling of 
the weld metal. At the welding temperature, and 
during part of the cooling, the iron-nitrides are dis- 
solved in the austenite and upon the transformation 
to alpha iron, iron-nitrides are precipitated in the 
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form of needles. Due to the rapidity of cooling, the 
segregation is incomplete and the result is areas of 
ferrite which are rich in nitrides of iron. This might 
be termed a “secondary” ferrite. This would account 
for the colorless, structureless areas which are pres- 
ent in the high nitrogen weld metal. 

A phenomenon similar to this has been noticed 
in low carbon steels in which the segregation, or 
complete separation of the iron-carbide has been 
inhibited (between the Ar, and Ar,) by the cooling 


‘ 


FIG. | 





rate and a “secondary” ferrite formed. This material 
is also a colorless, structureless constituent which 
has definite lines, or boundaries of demarcation. 
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During the annealing operation, the iron-nitrides 
are given a sufficient amount of time to segregate 
in the form of needles and for that reason, we see 
very few of the colorless areas in annealed samples. 
It is probable, that if the material were cooled suffi- 
ciently slow, there would be none of the colorless, 
structureless constituent present at room temperature. 

It was also noted, that the nitride needles some- 
times segregated and that they might be precipitated 
at both the grain boundaries and within the grain 
itself. In some instances, widened grain boundaries 
were evident. 

In attempting to eliminate the formation of iron- 
nitride, various coatings have been devised for pro- 
tecting the electrode, arc, and crater metal. These 
coatings have, to a certain extent, been successful 
but certain types are far more efficacious than others. 


X-Ray Diffraction Investigation of Weld Metal 


At the outset of the investigation, it was hoped 
that an X-ray diffraction investigation would give 
some proof of the composition and structure of the 
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needles appearing in the weld metal. For this in- 
vestigation, a Phragmen camera of the Seemann- 
Bohlin type was chosen. A chromium target was 
employed. 

A weld was made with a 3/16 inch, bare elec- 
trode, using 150 amperes and 22 volts. The chem- 
ical analysis of the electrode was as follows: 

C 0.015 
Mn_ 0.016 
P 0.004 
S 0.020 
Si 0.011 

The chemical analysis of the deposited weld metal, 

made under the conditions stated was: 
bs 0.016 
Mn_ 0.016 


}? 0.009 
S 0.018 
Si 0.008 
N 0.127 


A sample of this weld metal was filed off with an 
extremely fine file and the filings used were those 
which passed through a 200 mesh screen. The filings 
were, of course, in a cold worked state and for that 
reason it was necessary to anneal them to relieve 
this strained condition. To prevent oxidation of the 
filings during the annealing operation, they were 
placed in a combustion tube which was evacuated 
and sealed. This sealed tube was placed in the fur- 
nace and heated to 1150° Fahrenheit for one hour 
and allowed to cool to room temperature with the 
furnace. 

A diffraction pattern of this sample showed, not 
only the lines due to alpha iron, but also some 
strange lines. Upon measuring the film and com- 
paring the sin*@ values of the strange lines with 
those values obtained by Hagg in his work on the 
iron-nitrogen system, (*) it was found that two of 
the strange lines were identical with those values 
obtained by Hagg for the gamma prime phase of 
the iron-nitrogen system. The weak lines in the case 
of the weld metal corresponding to the very strong 
lines of the gamma prime phase of the iron-nitrogen 
system. 

In order to more definitely establish as to whether 
or not these lines were due to the gamma prime 
phase of the iron-nitrogen system being present, the 
heat treatment of the previous sample was repeated 
except that in this case, the evacuated combustion 
tube containing the sample was removed from the 
furnace, after it had been at the temperature of 1150 
Fahrenheit for fifteen minutes, and broken in a car- 
bon dioxide ice—carbon tetra chloride mixture which 
gave a quenching temperature of —19.5° Centigrade. 
This was done in order to retain the.iron-nitride in 
the form of solid solution in the alpha iron. 

The diffraction pattern of ‘this sample showed 
some of the strange lines, the only difference being 
in the lines which were due to the gamma prime 
phase of the iron-nitrogen system. The stronger of 
the two gamma prime lines of the annealed sample 
showed very weakly in the quenched sample, the 
weaker line not showing at all. This would indicate 
that either the sample was not quenched with suffi- 
cient rapidity to retain the iron-nitride in the form 
of solid solution, or that there had been some pre- 
cipitation of the iron-nitride during the three hour 
exposure of the X-ray camera. The latter explana- 
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tion seems, to the author, to be the more logical. 
Hensel and Larsen (**) reported considerable aging 
to have taken place in a very few hours at room 
temperature. 

Upon a microscopic examination of annealed and 
quenched samples of the same weld, it was found 
that the needles were present in large quantities in 
an annealed sample but were absent in a quenched 
sample. This, considered with the X-ray diffraction 
results, proves that the needles in weld metal are 
probably the gamma prime phase of the iron-nitrogen 
system and correspond to the compound Fe,N. 

kight strange lines, other than those belonging 
to the gamma prime phase of the iron-nitrogen sys 
tem were present in the diffraction pattern which 
were not accounted for. These eight lines were pres 
ent in both the annealed and quenched samples with 
equal intensity. Upon microscopic examination of 
unetched samples in both the annealed and quenched 
conditions, it was found that considerable impurities 
were present in the metal. It was the opinion of the 
author that these lines were probably due to oxide 
impurities and for that reason, samples of ferrous-, 
ferric- and ferrous-ferric oxides were investigated and 
diffraction patterns obtained. None of the lines of 
the ferrous or ferric oxides corresponded to the 
strange lines but the ferrous-ferric oxide pattern cor 
responded to four of the lines. This shows that these 
four lines were due to the presence of the magnetic 
iron oxide in the weld metal. 

The four strange lines which were unaccounted 
for, were probably due to slag material such as com 
plex silicates or complex oxides. They were how 
ever, present in the same intensity in the pattern, 
regardless of the heat treatment which the sample 
received. 

Due to the fact that the needles were the only 
constituent to disappear upon heat treatment by 
quenching, and due to the fact that the two lines 
of the gamma prime phase were the only lines which 
disappeared in the diffraction pattern upon quench 
ing, it would tend to prove quite conclusively that 
the needles were probably due to the gamma prime 
phase of the iron-nitrogen system which corresponds 
to the compound Fe,N. 

It is the author’s opinion that it was the precipi 
tation of the compound Fe,N which caused most of 
the age hardening phenomenon observed by Hensel 
and Larsen (**) in are weld metal. 


Blow Holes In Weld Metal 


Considerable interest has recently been shown 
in endeavoring to determine the nature of the gas, 
or gases, which cause blow holes in weld metal. The 
gases present which might cause the blow holes are: 
1. Oxygen 
2. Carbon-monoxide 
3. Carbon-dioxide 
!. Hydrogen 

5. Nitrogen 
6. Hydrocarbons 

There is the possibility that hydrogen is dissolved 
in the weld metal and reacts with the carbon present 
to form some hydrocarbon whose solubility decreases 
with a decrease in temperature and is thus liberated 
and forms blow holes. 
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It is well known that the surfaces of the blow 
holes, in a freshly fractured weld are shiny and free 
from oxidation. For that reason, it is quite evident 
that the gases present are not oxidizing. ‘This shows 
that the blow holes are not caused by oxygen or 
carbon-dioxide because both of these gases are oxidiz- 
ing at the tempearture at which the blow holes form 
in the weld. 

It has been the author’s experience that it is al- 
most impossible to remove nitrogen from steel when 
present in small quantities, without the use of va- 
cuum at extremely high temperatures. During the 
cooling of the molten metal at the high temperatures, 
there is no vacuum present and the tendency of the 
metal is to absorb nitrogen rather than to liberate 
it. Also, the gases causing the blow holes are liber- 
ated with a decrease in the temperature of the metal. 
There is evidence, that at the high temperatures en- 
countered during the welding operation, the solubil- 
ity of nitrogen in iron increases with a decrease of 
temperature. Furthermore, the author has seen welds 
made in a nitrogen shield which were free from 
porosity. For these reasons, it is very highly im- 
probable that nitrogen causes blow holes in the weld 
metal, 

The above eliminates the probability of carbon 
dioxide, oxygen and nitrogen as causing blow holes 
and leaves hydrogen, carbon-monoxide and _ possibly 
hydrocarbons as probable gases for causing blow 
holes. The author has not experienced a weld en- 
tirely free from porosity when a hydrogen shield was 
employed. Welds made in an atmosphere which 
was composed largely of carbon-monoxide were ex- 
tremely porous—the same was true when methane 
was used as a shielding agent. This would indicate 
that the blow holes in arc weld metal are caused, 
for the most part, by carbon-monoxide and hydrogen 
and any hydrocarbon gas which might be present. 


The Effect of the Nitrogen Content in the Welding 
Atmosphere Upon the Nitrogen Content of the 
Deposited Metal 


From mathematical considerations developed by 
Steinmetz, (*") it is quite evident that a change in 
the per cent nitrogen in the arc atmosphere would 
cause a considerable change in the per cent nitrogen 
fixed and “picked up” during the welding operation. 
It was therefore necessary to determine the effect of 
a variation in the nitrogen content of the welding 
atmosphere upon the per cent nitrogen in the de- 
posited metal. 

Welds were made in varying atmospheres using 
5/32 inch, 0.13 to 0.18 per cent carbon, bare elec- 
trodes. The results thus obtained were as follows: 


Sample No. Atmosphere % N in Deposited 
Metal 
G1 Pure H, o™ 0.0255 
r2 15% H,—25%N, 0.0500 
G3 25% H,—T5AN, - O.OF1F 
A2? Air a . 0.107 
G4 Pure N, .. 0.143 


The shields in which these welds were made 
were merely pipe type shields held parallel to the 
side of the electrode. For this reason, some nitrogen 
and oxygen were present in the atmosphere when 
pure hydrogen was used and some oxygen was pres- 





NOVEMBER, 1934 


ent when pure nitrogen was used. The reason for 
adopting this type of shield was that the box type 
is not commercially applicable, and these results are 
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therefore comparable to those which are obtained 
when the commercial type of shield is employed. 

Figure 3 shows a graphical illustration of the re- 
sults and illustrates very clearly that the higher the 
per cent of nitrogen in the welding atmosphere, the 
higher will be the per cent of nitrogen in the de- 
posited metal. 


The Effect of Carbon Content of the Electrode Upon 
the Nitrogen Content of the Deposited Weld Metal 


A series of welds were made keeping all of the 
welding conditions as nearly constant as_ possible 
and varying only the carbon content of the welding 
electrode. 

In this series, all of the electrodes employed were 
bare, 5/32 inch, hard drawn wire and all of the welds 
were made with 150 amperes and 20 volts. The car- 
bon content of the electrodes were 0.015, 0.15, 0.37, 
0.70, and 1.0 per cent. The results of these tests are 
shown in Figure 4 and illustrate the fact that as the 
carbon content of the welding electrode increases, the 
nitrogen content of the deposited metal decreases. 

It is the author’s opinion that this phenomenon is 
partially due to the shielding action of the carbon. 
As will be seen in a subsequent part of this investi- 
gation, a large percentage of the carbon is burned 
out during the welding operation. It is therefore 
very probable that the carbon-monoxide or carbon- 
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dioxide formed, act as a shield and «decrease the op 
portunity for nitrogen absorption. It follows that 
an increase in the carbon content of the electrode 
would cause a greater shielding effect. 


The Effect of Electrode Size Upon the Nitrogen 
Content of the Deposited Weld Metal 


\ series of welds were made, using electrodes of 
the same analysis and 150 amperes and 17 volts, but 
varying the size of the electrode. The only intentional 
variable in this series of welds was the size of the 
electrodes. It is realized of course, that the current 
density varied with the different sizes of electrodes. 

The analysis of the electrodes, regardless of diam 
eter, was: 

C 13 to .18 
Mn .040 to .060 
Si .06 Max 

> —— = 
wae. 


The results of these tests are shown graphicalls 
in Figure 5. 

The author was aware of the fact that 150 am 
peres and 17 volts were not the correct amperage 
and voltage, as regards practical application, for some 
of the electrodes used in this series. This does serve 
however, to illustrate very clearly that an increase 
in the electrode diameter causes a decrease in the 
nitrogen content of the deposited weld metal. As 
will be seen in a subsequent part of the investiga 
tion, a decreased amperage in the case of the 3/32 
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inch electrode would have caused an increase in the 
nitrogen content of the deposited weld metal, and an 
increased amperage for the 4 inch electrode would 
have caused a decrease in the nitrogen content of 
the deposited metal. This would indicate that, had 
the welds of this series been made under commercial 
conditions as regards amperage and voltage, the slope 
of the curve in Figure 5 would have been much 
more steep. 

As will be shown later, the phenomenon of the ab 
sorption of nitrogen occurs on the tip of the welding 
electrode when straight polarity is used. It follows 
therefore, that the larger the diameter of the elec 
trode, the less surface, per unit weight of metal, will 
be exposed to the atmosphere of the are for nitrogen 
absorption and the smaller the diameter of the elec- 
trode, the greater will be the surface exposed, per 
unit weight of metal, for nitrogen absorption. As 
the nitrogen absorption is a phenomenon of reaction 
with the surface metal and subsequent penetration, 
one would expect that an increase in the diameter of 
the electrode used would cause a decrease in the 
nitrogen content of the deposited weld metal. As 
seen in Figure 5. this hypothesis has been experi 
mentally verified. 


The Effect of Amperage and Voltage Upon the 
Nitrogen Content of the Deposited Weld Metal 


In order to determine the effect of the amperage 
and voltage upon the nitrogen content of the de- 
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posited weld metal, a series of welds were made us- 
ing a constant low voltage with high, medium and 
low amperage, medium voltage with high, medium 
and low amperage, and high voltage using high, 
medium and low amperage. The general results of 
these tests indicated that an increase in the amper- 
age caused a decrease in the nitrogen content of the 
deposited metal and that an increase in the voltage 
caused an increase in the nitrogen content of the de- 
posited weld metal. The differences in the nitrogen 
contents were, however, quite small as regards their 
magnitude. 

It should perhaps be stated at this time that the 
author was unable to detect any difference in the 
nitrogen content of the deposited metal when hard 
drawn and annealed electrodes were used, providing 
that other conditions remained constant. 


The Influence of Reversed and Straight Polarity Upon the 
Nitrogen Content of the Deposited Weld Metal 


The question has frequently been asked as to 
where the nitrogen is absorbed in the weld metal and 
where the carbon is eliminated during the welding 
operation. When heavy coated electrodes are used, 
it is nearly always required that reversed polarity be 
used and the effect is that the nitrogen content of 
the deposited metal is generally diminished. 

During this investigation, a large number of sam- 
ples of electrode tips were obtained for chemical an- 
alysis. These samples were made by striking the 
arc, letting the electrode cool and carefully removing 
the extreme tip of the electrode. This extreme tip of 
the electrode corresponding to the metal which was 
adhering to the electrode tip in the molten state dur- 
ing welding and those samples will be referred to as 
“electrode tips.” Another set of samples was made 
by allowing the tip of the electrode to become molten 
in sufficient quantities so that a drop was about to 
fall upon the plate metal. At this time, the electrode 
was given a quick “flip” and the adhering drop, 
which should closely correspond to are metal, was 
thrown onto the plate, outside of the crater region, 
so that no actual fusion occurred. These drops were 
collected for analysis and will be referred to as “but- 
tons.” The third sample taken for analysis was from 
metal deposited in the usual manner. The above was 
then repeated using reversed polarity. 

In the both the reversed and straight polarity, 
5/32 inch, bare, 0.37 per cent carbon, 1.0 per cent 
manganese, hard drawn electrodes were used and the 
welds were made with 125 amperes and 20 volts. 

The results of the rod tips, buttons and weld 
metal made with straight polarity were as follows: 


Material ~¢ %N 
Original Electrode 0.3% 0.007 
Rod tips 0105 0.092 
Buttons 0.115 0.110 
Weld metal 0.125....... 0.090 


As may be seen in the table of results when 
straight polarity is used, the nitrogen is absorbed at 
the tip of the electrode and the carbon is eliminated 
at the same place. 

It should be stated, that the size and shape of the 
samples made the carbon analysis exceedingly diffi- 
cult in the case of the buttons, and it is highly prob- 
able that a small error may be present in the carbon 
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analysis of the buttons. It was very easy however, 
to obtain exceedingly accurate results in the rod tip 
and weld metal. There was very definite proof that 
the carbon was burned out at the tip of the electrode. 
In the case of the weld metal which had been de- 
posited on 0.20 per cent carbon plate, there was un- 
doubtedly some diffusion of carbon from the plate 
metal into the weld metal which would account for 
the increase of carbon from the rod tip to the weld 
metal. 

It will be noticed in the case of the straight polar- 
ity that there is a decrease in the nitrogen content of 
the weld metal upon passing through the arc and into 
the crater. With straight polarity, the plate metal is 
hotter than the rod tip and as previously shown, 
there is a decrease in the solubility of nitrogen with 
an increase in the temperature. It is therefore rea- 
sonable to assume that the decrease in the nitrogen 
content of the metal when passing from the rod tip 
to the crater was due to the increase in temperature, 
which means a decrease in the solubility of nitrogen 
in iron. 

The results of the rod tips, buttons, and weld 
metal made with reversed polarity were: 


Material * ¢ % N 
Original Electrode O35 0.00% 
Rod tips 0.105 0.053 
Buttons .W 0.115 0.067 
Weld metal 0.06 0.098 


From the results obtained when reversed polarity 
was used, one sees that there was a marked increase 
in the nitrogen content of the metal passing from 
the rod tip to the crater. Also, that there was a 
marked decrease in the carbon content of the metal 
passing from the rod tip to the crater. This again 
shows that the nitrogen is absorbed under conditions 
which cause carbon to be eliminated. This may be 
due to the nitrogen and oxygen forming nitric-oxide 
(NO) in the are which reacts with the iron to form 
iron-nitride and liberates atomic oxygen which reacts 
with the carbon. This seems to the author as being 
a logical explanation for the fact that the nitrogen is 
absorbed under conditions which burn out the car 
bon. It some of the atomic oxygen reacted with the 
iron, it would also explain the fact that weld metal 
containing a high nitrogen content usually contains 
a high oxygen content. 

It will be noted in a subsequent part of the in- 
vestigation that when heavy coated electrodes are 
employed which retain most of the carbon in the 
metal, there is very little nitrogen absorbed and the 
metal is quite low in oxygen. This is additional proof 
that conditions which lead to the absorption of nitro- 
gen are, at the same time, conditions for the libera- 
tion of carbon and contamination by oxygen which 
is further verification for the theory that the nitro- 
gen fixation, when welding in air, is caused by the 
nitrogen reacting with oxygen. It is known however, 
that the electric arc is capable of breaking molecular 
nitrogen down into active atomic nitrogen which will 
react directly with the iron to form iron-nitrides. 

In the case of reversed polarity, the rod tip is 
hotter than the plate’ metal and one would expect 
that the solubility of the iron for nitrogen would tend 
to increase when the metal passes from the rod tip 
to the crater. This, as seen in the table, was experi- 
mentally verified. Again showing that an increase in 
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the temperature of the molten metal causes a de 
crease in the solubility of nitrogen 1n iron. 


Physical Tests Upon Metallic Arc Weld Metal 


At the outset of the investigation, there was 
some difference of opinion as to the proper method 
of making, or depositing, weld metal so that physical 
specimens, free from plate metal, might be obtained. 
It was first suggested that pads be laid on low car 
bon plate metal and physical tests specimens be 
machined from them as was done by Rawdon, Groes 
beck and Jordan. ( 44 24) The author was advised 
however, that weld metal deposited in the form of 
pads was not analogous to weld metal deposited in 
a 90° V type of weld which is the most common in 
the welding industry. For this reason, it was de 
cided to obtain physical samples in the manner illus- 
trated in Figure 6. As seen in the diagram, all of 
the reduced sections of both the standard 0.505 inch 
tensile samples are the Charpy samples were com 
posed entirely of weld metal so that plate metal ef 
fects were eliminated. When preparing the samples 
for machining, the author macro-etched each sample 
and center-punched it so that there would be no pos- 
sibility of any plate metal being in the machined 
specimen. 

An expert experimental welder was obtained to 
make the physical test samples. This welder was 
quite familiar with practically every type of elec- 
trode available and made all of the welds for the 
physical test samples. By having one man make 
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all of the welds, the chances of personal errors en 
tering into the work were minimized. The only type 
of welds which the operator was not familar with 
were those in which gaseous shields were used. This 
will be discussed in more detail later. 

\ seal bead, such as is illustrated in Figure 6, was 
made on each weld. The object of this seal bead was 
to assist in refining the structure of the weld metal 
and to fill any blow holes or cavities which might 
have been present at the bottom of the \ 

Hensel and Larsen “) found that the aging phe 
nomenon was at a maximum in about ten days. In 
this investigation, the minimum time between making 
and testing the weld was twenty-one days. This pre 
caution was taken in order that the aging pheno 
menon might reach a maximum before the physical 
tests were made. By allowing this amount of time 
for aging, the author was quite confident that any 
difference in the physical test results could not be 
attributed to a difference in the aging. 

After the physical test samples had been ma 
chined, each set (a set consisting of two tensile and 
two Charpy samples made from the same weld) were 
radiographed for porosity and inclusions. The radio 
graphic results, as read from the negatives are given 
in tabular form (Figure 7). These results were also 
checked by macro-examination of cross sections of 
the welds. 

The complete information, as to the diameter and 
analysis of the electrode, the welding conditions, 
coating on the electrode, porosity, fracture appear 
ance, physical properties, and nitrogen content of the 
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deposited weld metal of each sample used for ob- 
taining physical tests data is given in Figure 7. 

The author endeavored to plot the information in 
the results but was unable to do so because of the 
fact that there was an insufficient number of sam- 
ples used. That is to say, that the variation of the 
amperage and voltage for any given size and com- 
position of electrode was not sufficient to warrant 
graphical representation. Another attempt was made 
to plot the physical properties against the nitrogen 
content for electrodes of a given carbon content, dis- 
regarding the amperage, voltage and coating used. 
In this case, there was obtained, merely a group ot 
points at the high nitrogen contents which resulted 
from bare electrodes and another group of points at 
the low nitrogen contents which resulted when heavy 
coated electrodes were used. The result of this at- 
tempt was merely a straight line drawn from one 
group of points at high nitrogen contents to another 
group of points at low nitrogen contents. The re- 
sults were indicative but of such a nature that the 
author did not feel justified in including them in 
graphical form. In place of the graphs, a general 
discussion was decided upon. 

From Figure 7, it will be seen that in those welds 
made with 0.15 per cent carbon, bare electrodes (sam- 
ples A41 to A52, samples A63, T3 and T5) an in- 
crease in the nitrogen content of the weld metal 
caused an increase in the tensile strength and yield 
point. The results, as regards the per cent elonga- 
tion, per cent reduction in area, and Charpy impact 
values vary with the nitrogen content in such an 
erratic manner that one would not be justified in 
making definite statements in regard to the effect 
upon them, when there is such a small variation in 
the total nitrogen content. The same holds true with 
respect to the proportional limit for these samples. 

When using 3/16 inch bare electrodes of one par- 
ticular manufacture, the best physical properties were 
obtained with 175 amperes and 16 volts (A45). It 
will be seen that this combination gave the highest 
nitrogen content for the 3/16 inch, bare electrode 
series. The 4 inch electrode of the same manufac- 
ture and analysis gave the best physical properties 
with 225 amperes and 22 volts (A51). Here again, 
as was the case in the 3/16 inch series, the best 
physical properties were not obtained with the lowest 
nitrogen content. It will be noticed however, that 
the total fluctuation in the nitrogen content of these 
samples was very small and for that reason, other 
effects, such as grain size, cooling rate, structural 
differences, and oxygen content might very easily 
overcome effects of so small a variation in the ni- 
trogen content. 

As would be expected from the earlier part of 
this investigation, samples A53, A54, A55, and Ad56 
show that with an increase in the carbon content of 
the electrode, there is a decrease in the nitrogen 
content of the deposited metal. Also, due to the 
increasing amounts of carbon in the deposited metal, 
there is an increase in the proportional limit, yield 
point, Charpy impact, and tensile strength with a 
corresponding decrease in the per cent elongation and 
per cent reduction of area. 

In the physical results obtained from samples A56 
and A5%, which welds were made under identical con- 
ditions except that the electrodes used in the case 
of A5? had a slight lime wash coating, it will be 
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noted that the weld made with the lime washed elec- 
trodes (A57) gave a slight increase in the physical 
properties and caused a decrease in the nitrogen 
content. 

A comparison of samples A55 and A58 again 
show that there is no appreciable difference in the 
nitrogen content of the deposited weld metal whether 
the electrode is annealed or hard drawn. In this in- 
stance however, the hard drawn electrode gave a 
deposit with slightly superior physical properties. 

In the case of both sets of samples (A55 and 
A58, A56 and A57) however, the sample with the 
lower nitrogen content resulted in the better physical 
properties. 

[In the making of the shielded arc samples, Gs, 
G9 and G10, the welder was not experienced with the 
use of a shield and as may be seen from the nitro- 
gen content of the samples, the shielding was not 
very effective. The results of previous work done 
with a hydrogen shield would indicate that sample 
G9 should have had a nitrogen content of below 
0.05 per cent and it was actually 0.121 per cent. This 
illustrates that the samples were not representative 
of shielded welds, and for that reason, the author 
does not consider them as such. Had it not been 
for the fact that the author wished to eliminate per- 
sonal error as much as possible, he would have had 
the shielded welds made by an individual who was 
experienced in the use of gaseous shields. Had such 
been done however, any differences in the properties 
of the shielded and unshielded welds might have 
been attributed to the difference in the welding skill 
of the operators and this type of controversy was 
intentionally avoided. 

It will be seen that in the case of the welds made 
with heavy coated electrodes, where the nitrogen 
content of the deposited weld metal was below 0.05 
per cent, the physical properties of the metals were 
greatly improved. Between 0.02 and 0.043 per cent 
nitrogen, obtained when heavy coated electrodes were 
used, there could be no straight-forward correlation 
drawn between the nitrogen content of the weld 
metal and the physical properties. This would indi- 
cate that between these very low limits of nitrogen 
contents (0.02 to 0.043 per cent) other factors, such 
as the cooling rate, elimination of impurities, grain 
size, carbon content, manganese content, and etc., 
may have been more influential than the variation 
of the nitrogen content. 

This series of welds, made for physical tests, 
shows that in the case of weld metal deposited by 
the electric arc, conditions which cause a marked 
increase in the nitrogen content of the deposited 
metal, cause a decrease in all of the physical proper- 
ties investigated. Previous investigators, working 
with steel which contained low percentages of ni- 
trogen, found that an increase in the nitrogen content 
of the steel caused an increase in the tensile strength. 
It will be noted that in this investigation of arc weld 
metal, welds made under conditions which cause a 
decrease in the nitrogen content have an increased 
tensile strength. This indicates that there are other 
very important factors beside the nitrogen content 
to be considered in the .case of arc weld metal. Such 
factors being, in the author’s opinion, heat treatment, 
grain size, silicon and manganese contents, carbon 
content, oxygen content, density, and the structure 
of the weld metal. It should be remembered that 
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conditions which lead to a low nitrogen content also 
lead to a low oxygen content and inhibit the burn- 
ing out of carbon. 

It is therefore the opinion of the author that the 
properties of weld metal deposited by the metallic 
arc cannot be accounted for by any one element, or 
constituent, or by any simple theory, but that the 
properties are probably due to combinations of ele- 
ments and constituents, and they could only be ex- 
plained by complex theories. 

It is evident that nitrogen does play a very im- 
portant part in causing detrimental effects in metallic 
arc weld metal. 


Conclusions 

|. The absorption of nitrogen may be diminished 
by, 

A. Increasing the carbon content of the elec- 

trode. 

b. Increasing the amperage. 

C, Decreasing the are length (voltage). 

D. Increasing the diameter of the electrode. 

FE. Maintaining a reducing atmosphere. 

Fk. Using heavy coated electrodes. 

2. Nitrides may precipitate at the grain 
daries or within the grain itself. Nitrogen may also 
cause widened grain boundaries. 

3. The needles present in arc weld metal are 
probably the gamma prime phase of the iron-nitrogen 
system and correspond to the compound Fe,N. 

1. The colorless, structureless areas found in are 
weld metal are probably ferrite areas which are rich 
in iron-nitride that has not had sufficient time to 
segregate in the form of needles. 

5. The main oxide present in arc weld metal its 


boun 


magnetite. 

6. It is the opinion of the author that carbon- 
monoxide and hydrogen are largely responsible for 
the blow holes occurring in weld metal with perhaps 
the assistance of hydrocarbons. 

7. No difference in the nitrogen content of the 
deposited metal is encountered between the use of 
annealed and hard drawn electrodes. 

8. Conditions which lead to the absorption of ni- 
trogen are conditions which lead to the burning out 
of carbon and contamination by oxygen. 

9. When straight polarity is used, the nitrogen 
is absorbed at the tip of the welding rod and when 
reversed polarity is used, some nitrogen is absorbed 
at the tip of the welding rod, some is absorbed when 
passing through the are, and more is absorbed in the 
crater metal. The carbon is eliminated under the 
conditions and at the time that nitrogen is absorbed. 

10. ‘The nitrogen is, in an air atmosphere, prob- 
ably fixed as nitric oxide (NO) in the. cooler part 
of the are and this is probably split up into active 
atomic nitrogen and oxygen, both of which may re- 
act with the metal. 

11. The solubility of nitrogen in weld metal de- 
creases with an increase of temperature at the ele- 
vated temperatures of welding. 

12. Conditions under which nitrogen is absorbed 
in the weld metal are conditions which lead to a 
decrease in the values of the physical properties of 


the weld metal. 
13. Nitrogen alone will not account for all of the 
inferior properties found in some metallic arc weld 
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metal. It is the author’s opinion that other factors 
such as heat treatment, grain size, microstructure, 
carbon content, oxygen content, manganese content 
and etc., play an exceedingly important part in con- 
trolling the physica! properties. 


COMPLETE BIBLIOGRAPHY 


(1) A. H. ALLEN—Further Experiments on the 
Kxistence of Nitrogen in Iron and Steel, Journal of 
the Iron and Steel Institute, 1880, No. 1, p. 181. 

(2) H. N. WARREN—Recent Researches on the 
Action of Nitrogen on the Metals Iron, Copper, 
Nickel, Cobalt, and etc., Chemical News, 1887, Vol. 
dD, p. 155. 

(3) H. THOLANDER — Jernkontorets Annaler, 
1888, Vol. 43, p. 429, No. 7. 


(4) G. J. FOWLER—On Nitride of Iron, Chem 
ical News, 1894, Vol. 68, p. 152. 

(5) HARBORD and TWYNAM—A Note on the 
Presence of Fixed Nitrogen in Steel, Journal of the 


Iron and Steel Institute, 1896, No. 2, p. 161. 


(6) BRAUNE—An Investigation of Nitrogen in 
Steel, Stahl und Ejisn, Nov., 1906, p. 1496. 

(7) POURCEL—Revue Universelle des Mines, 
Vol. 15, p. 229. 

(8) GRABE—Remarques au Sujet de L’Influence 
\ttribuee a L’Azote sur les Proprietes des Aciers, 


9-9 


Review de Metallurgie, Vol. 5, p. 353. 





(9) PETREN and GRABE—The Determination 
of Nitrogen in Iron and Steel, Jernkontorets Annaler, 
Vol. 60, p. 1, 1907. 

WALTER GEISEN—Special Steels in Theory 
and Practice, Carnegie Scholarship Memoirs, Vol. 1, 
p. 1, 1909. 

(10) STROMEYER—The Aging of Mild Steel 
and the Influence of Nitrogen, Journal of the Iron 
and Steel Institute, 1909, No. 1, p. 404. 


(11) E. D. A.—Influence of Nitrogen on Steel, 
Metallurgical and Chemical Engineering, Vol. 11, 
1913, p. 121. 

(12) J. H. ANDREWS—Iron and Nitrogen, Jour- 
nal of the Iron and Steel Institute, 1912, No. 2, p. 210. 

J. H. ANDREWS—tThe Influence of Gases upon 
the Critical Ranges of the Iron-Carbon Alloys, Car 


> 


negie Scholarship Memoirs, 1911, Vol. 3, p. 236. 

(13) B. STRAUSS—The Effect of Nitrogen in 
Steel, Iron Age, Voi. 97, 1916, p. 432. 

(14) CHIYESKII and BLINOV—Influence of \ 
and Ti on the Nitrogen Content of Iron and Steel 
and its Alloys, Society of Chemical Industry, Vol. 
35, 1916, p. 893. 

(15) W. E. RUDER—The Metallurgy of the Arc 
Weld, G. E. Review, Vol. 21, No. 12, 1918. 

(16) J. H. PATERSON—Electric Welding, En- 
gineering, Feb. 1919, Vol. 107, p. 285, 


(17) C. P. STEINMETZ—Theoretical Study of 


A.1.&S.E&.E.—TWENTY-SEVEN YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 











NOVEMBER, 1934 


Nitrogen Fixation by the Electric Arc, Chemical! and 
Metallurgical Engineering, 1920, Vol. 22, pp. 229, 
353, 411, 455. 

(18) S. W. MILLER—Some Structures in Steel 
Fusion Welds, Trans. A. I. M. E., Vol. 58, 1918, p. 
700. 


(19) COMSTOCK and RUDER—Chemical and 


Metallurgical Engineering, 1920, Vol. 22, No. 9, p. 


399. 

(20) S. W. MILLER—Path of Rupture in Steel 
Fusion Welds, Trans. A. I. M. E., 
524. 

(21) G. F. COMSTOCK—Microstructures in Iron 
Deposited by Electric Arc Welding, Trans. A. I. M. 
E., Vol. 62, 1920, p. 555. 

(22) A. A. BLUE—An Occurrence of Nitrogen 
in Steel, Iron Age, Vol. 108, 1921, p. 1. 

(23) RAWDON, GROESBECK and JORDAN- 
Physical Properties of Arc Fused Metal, Chemical 
and Metallurgical Engineering, Vol. 23, No. 14, Oct. 
1920, p. 677. 

(24) RAWDON, GROESBECK and JORDAN 
Metallography of Arc Fused Steel, Chemical and 
Metallurgical Engineering, Vol. 23, No. 16, Oct. 1920, 


p. 777. 


(25) RUDER:- and BROPHY—Nitrogen in Car 
burized Steels, Chemical and Metallurgical Engin 
eering, Vol. 25, No. 19, 1921, p. 867. 

(26) JORDAN and SWINDELI 
Metallurgical Engineering, Vol. 27 
1170. 

(27) J. B. CLOUGH—Aging of Steel with Spe 
cial Reference to Nitrogen, Harvard University, D. 
Sc., Thesis, Dept. of Metallurgy, 1933. 


—Chemical and 
No. 24, 1922, p. 


(28) W. SPRARAGEN—Fluxes and Slags in 
Welding, Trans. of the Faraday Society, Vol. 20, 
1924-25, p. 159. 


(29) H. B. OGDEN—Fluxing problems in Weld 
ing of Mild Steel with the Metallic Arc, Trans. ot 
the Faraday Society, Vol. 20, 1924-25, p. 159. 

(30) W. E. 
ing, Journal of the Franklin Institute, Vol. 1 
pp. 561-83. 

(31) P. P. ALEXANDER—Arc Welding in Hy- 
drogen and Other Gases, G. E. Review, Vol. 29, 
1926, p. 169. 

(32) WEINMAN and LANGMUIR—Atomic Hy- 
drogen Arc Welding, G. E. Review, Vol. 29, 1926, 
No. a, p. 160. 

(33) J. FUCHS—Influence of Nitrogen Upon 


RUDER Science of Electric Weld 
92, 1921, 


Electric Arc Welding, Z. Ver. Duet. In., Vol. 7, 


1930, p. 1569. 

(84) SVECHNICOV—Effect of Nitrogen in Iron 
and Steel, Heat Treating and Forging, April, 1929, 
p. 436. 


(35) HOMERBERG and WALSTED—A Study 


of the Nitriding Process, A. S. S. T., Nitriding Sym- 


posium, 1929, p. 67. 


Vol. 62, 1920, p. 


IRON AND STEEL ENGINEER 46| 


(36) F. RAPATZ—Harmful and Useful Effects 
of Gases in Steel, Z. MetallKunde, Vol. 21, 1929, p 
SY. 

(37) L. W. SCHUSTER—The Effect of Contami 
nation by Nitrogen on the Structures of Electric 
Welds, Journal of the Iron and Steel Institute, No 
2, 1930, p. 249. 

(38) HENSEL and LARSEN—Dissolved Nitro 
gen Embrittles Weid Metal, Metal Progress, Sept. 
1931, p. 44. 

(39) HENSEL and LARSEN—Age Hardening 
Phenomenon in Typical Fusion Weld Metal, Trans 
\. S. S. T., May, 1932, p. 639. 

(40) J. W. MILLER—A Study of the Nitride 
Case in a Special Nitriding Steel, M. I. T., 1931. 

(41) C. B. SAWYER—Nitrogen in Steel, Trans 
\. I. M. E., Vol. 49, 1923, p. 799. 

FRY—Stickstoff in Eisen, Stahl und Eisen, 


(42) 
13, 1923, p. 1271. 


Vol. 
(43) ARCHIBALD—An_ Analytical and X-ray 


Study of the Nitriding Process, M. I. T., 1930 


(44) BRAMLEY and JINKINGS—Gaseous Ce 
mentation of Iron and Steel, Iron and Steel Institute, 
Carnegie Scholarship Memoirs, Vol. 15, 1926, p. 71 

(45) HURUM and FAY 
lurgical Engineering, 1922, Vol. 26, p 

(46) HURUM 
in the Cementation Process, M. I. T. 


(47) JORDAN and SWINDELL 


Standards, Scientific Paper 457, pp. 499-511 


Chemical and Metal 
%1S8 
Nitrogen in Steel and its Role 
Phesis, 1920 


Bureau ol 


(48) TSCHISCHEWSKI—Journal of Iron = and 


Steel Institute, Vol. 92, p. 47, 1915, No. 2 

(49) HAGG—X-ray Investigation of the Nitrides 
of Iron, Sonderdruck aus, Zeitshrift fur Physikalische 
Chemie’, 1930. 

(50) WESTGREN Iron, Carbon, 
Structural Analogies Revealed by X-rays, Metal Pro 


Nitrogen, 


gress, July, 1931, p. 50. 


DISCUSSION OF DR. J. W. MILLER'S PAPER ON 
NITROGEN IN METALLIC ARC WELD METAL 


& 
By H. M. HOBART, 


Consulting Engineer, General Electric Company, 
Schenectady, N. Y. 


Dr. Miller’s paper is a valuable contribution to 
knowledge regarding the influence of nitrogen in the 
arc welding of low carbon steel. He emphasizes the 
uncertainties necessarily involved in interpreting the 
results owing to the impossibility in most cases 
(when making a comparative test) of confining the 
difference in the conditions of the test to only one 
factor. But in spite of this difficulty, Dr. Miller’s 
results are instructive. 

The most simple application of the arc process is 
to the welding together of mild steel parts. In such 
work, admirable results are obtained under widely 
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varying conditions and methods. It would appear 
probable that the influence of nitrogen would become 
much more apparent and much more might be learn- 
ed concerning the nature of the fundamental phe- 
nomena if, for the mild steel plate metal employed 
in Dr. Miller’s tests, some less readily welded ma- 
terial were substituted. The variations with varying 
conditions of welding would then be greater and the 
reasons would probably be more clearly revealed. 
Thus, in another series of tests, the plate material 
employed could with advantage consist of some allov 
of the stainless steel kind or possibly some non- 


ferrous alloy. 
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Indeed, quite aside from learning about the in- 
uence of nitrogen (which is quite properly the only 
subject the discussion of which is here appropriate) 
I should like to be permitted to emphasize the grow- 
ing importance of making progress in the develop- 
ment of processes suitable for successfully arc weld- 
ing various high grade alloys. It is going to be 
found vastly more difficult to learn to make such 
welds by the are process which will be comparable 
in quality and speed of welding to those now made 
on an enormous scale when the material to be joined 


is mild steel. 





Safe Maintenance Work On 


(Continued 


such workmen until the job has been accomplished 
or completed. This person should be thoroughly 
competent to administer the prone pressure method 
of resuscitation. 

10. The Electrical Department wil! designate by 
the usual warning sign all approaches to roofs, poles 
or towers where such hazards exist. Workmen should, 
however, bear in mind that no wire should be 
touched or handled under any circumstances with- 
out first determining through the Electrical Depart- 
ment that it is safe to do so. 

11. The Electrical Department will make no new 
high tension installation or changes to old installa- 
tions, effecting the location of same, without first 
consulting the Superintendent of the department in- 
volved. 

12. All switches on equipment behind repairs 
should be in “OFF” position so that when power is 
again restored, no damage to equipment may occur 
and no accident may be caused through any unex- 
pected movement of such equipment. 

13. No plug type high voltage cutout fuses (com- 
monly called primary cutouts) shall be changed while 
power is on. This also to apply to high voltage 
cartridge type fuses wherever possible. In _ cases 
where this cannot be done, the following rule shal! 
be observed. “No primary cutout of the plug type 
is to be handled without the use of a plug puller. 
\ switch hook is to be used in handling the expul- 
sion types. The plug puller and switch hooks to be 
fitted with treated wood handles not less than 3% 
feet in length for voltage up to 7,500 volts; the 
length of the handle for the higher voltages to be in 
accordance with the voltage of the circuit. No high 
voltage cartrige type fuse will be handled without 
the use of wooden or fiber fuse sticks or tongs suit- 
able for the fuse and voltage of the circuit.” 

14. Employees should bear in mind that ac- 
cidental contacts with any high voltage circuits are 
very dangerous, and they should not touch any con- 
ductors carrying High Voltage. There are many 
special conditions which make electrical work dan- 
gerous. It is impossible to explain in detail all such 
possible cases; therefore, every plant should develop 
safety rules governing local hazards in connection 
with High Voltages. 

In dealing with electrical maintenance work there 
is another item which should be insisted upon in all 
installations, and that is the marking and tagging 
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from page 449) 


of switches, circuits and other equipment. The 
proper identification of switches and equipment when 
clearing lines is imperative. The scheme of identi- 
fication is a matter of personal choice, whether it be 
by numbers, letters, or some other symbol, but in 
any case a system should be followed that will be 
consistent throughout the plant involved. Identifica- 
tion markings should be distinct and plainly visible 
so there is absolutely no possibility of error in select- 
ing the piece of equipment that should be operated. 
We have seen some very serious accidents as the re- 
sult of opening disconnecting switches under load, 
due to mistaken identity of switches. Some plants 
employ a map showing the location of ail poles and 
towers and give each a separate number. ‘This map 
is framed and placed in different locations, especially 
in the substations. In connection with the map there 
may be a loose leaf book or card system, with a 
separate leaf or card for each pole or tower and its 
number, showing the location of all service lines, etc. 
By referring to the pole number on the leaf or card, 
a man can tell just what lines he may come in con- 
tact with, if there is work to be performed on same. 
Diagrams of electrical systems showing main circuits 
and switches with their identification markings should 
be posted in conspicuous places, such as substations, 
power houses, and any other parts of the plant where 
they may be required for reference. 

In general, all electrical repairs, even the most 
trivial, should be done only by experienced electrical 
maintenance men. Anyone not entirely familiar with 
electrical apparatus and its hazards puts himself in 
danger when attempting to repair it. Safe practice 
prohibits any but capable and authorized persons 
from making repairs (regardless of the nature) to 
electrical equipment, even to replacing fuses; for a 
blown fuse is usually an indication that something 
is wrong and that the trouble, as well as the fuse, 
should be corrected. So often a repair that may 
seem trivial presents a real hazard. 

All high voltage lines (generally defined as 440 
volts or higher) should be dead before any work is 
done on them. Even on low voltage lines, wherever 
practical, all work should be done with the power 
off. However, those of us who have had experience 
with electrical maintenance in industrial plants know 
that it is not always possible to make all lines dead, 
especially on the lower voltages. Yet it is possible 
to work on these lines with some degree of safety. 
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This work, however, should be done only in emer- 
gency cases and by very competent and trained men 
under the closest supervision and careful instructions 
as to what is involved. Rubber blankets, fiber shields, 
rubber gloves, etc., should be employed in such work. 

Much has been done, written and said regarding 
preventatives for accidents in all lines of industrial 
work. Tremendous strides have been made; untold 
dollars have been spent for safeguards; safety cam- 
paigns have been initiated and carried out; yet too 
many accidents still occur. As we all know, safety 
is now progressing by education of the men them- 
selves, by teaching them to work safely. After we have 
supplied the best kind of equipment, provided all the 
safeguards in the way of tools, rules, etc., the safety 
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consciousness of the workmen involved is the most 
important item. This can only be obtained by the 
persistent drive on safety from the management down 
through the superintendents and foremen to the low 
est man in the organization. 

Briefly summing up the foregoing, we find the fol 
lowing cardinal points to be factors entering into 
accident prevention work in connection with safe 
maintenance work on industrial electrical equipment: 

1. Good and approved equipment. 

2. Proper installation. 

3. Correct safeguarding. 
{ 


Good repair tools and equipment. 
5. High type of men. 
6. Proper safety education. 
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PERSONNEL CHANGES 
7 


At a meeting of the Board of Directors of The 
Timken Roller Bearing Company on October 30, L 
M. Klinedinst was elected to the Board and also. pro- 
moted to the office of Vice President in Charge of 
Sales to fill the vacancy created by the recent resig- 
nation of Judd W. Spray. Mr. Spray plans to spend 
the winter in Florida and rest indefinitely before an- 
nouncing his future plans. 


Mr. Klinedinst has been associated with The Tim- 
ken Company for twenty-nine years, having started 
his business career there as a young man immediate- 
ly upon completing school. 


Thirteen years ago, when the company started 
expanding into the industrial field, he was made Gen- 
eral Manager of the Industrial Division. He has been 
Vice President in Charge of all Industrial Sales 
since 1930. 


T. V. Buckwalter who has been Vice President of 
The Timken Roller Bearing Company for several 
vears, was elected Vice President and Director of The 
Timken Steel & Tube Company. 


The Timken Roller Bearing Company announces 
the appointment of Whitley B. Moore to the position 
of General Manager of the Industrial Division. Mr. 
Moore, who is a mechanical engineer, was graduated 
from the University of Michigan in 1915, going 1m- 
mediately into service in the U. S. Navy. At the 
close of the war, he joined the engineering staff of 
The Timken Roller Bearing Company. 


In 1921, Mr. Moore was transferred to the Pacific 
Coast in charge of sales in that territory. In 1921 
he was brought back to Canton to take the position 
of Assistant General Sales Manager of the Industrial 
Division. In 1930 he was made Sales Manager, and 
has remained with the Company in that capacity up 
to the time of his present advancement. 


John L. Young, until recently District General 
Manager in charge of the Pittsburgh office of The 
Timken Roller Bearing Company has been advanced 
to the position of Assistant General Manager of the 
Industrial Division and will move to Canton, Ohio 


to take over his new duties in the near future. Mr. 
Young joined the Timken organization in 1921, 

Harry D. Robb, who has been with The Timken 
Roller Bearing Company since 1925 on sales engi- 
neering work in various territories, has been ad- 
vanced to the position of District Manager in charge 
of the Pittsburgh office, succeeding John L. Young, 
who has been transferred to the Canton office. 

Harry H. Wood, who has been on The Timken 
Roller Bearing Company engineering and sales staff 
in Canton since 1929, specializing in the application 
ot Timken Bearings in steel mills, has been trans 
ferred to Pittsburgh, and appointed Manager of the 
Rolling Mill Division. 

A 

Following a recent meeting of the Board of Di 
rectors of the Westinghouse Electric & Manufactur- 
ing Company, President F. A. Merrick announced 
the election of three vice-presidents, Roscoe Seybold, 
formerly comptroller; William G. Marshall, formerly 
assistant to vice-president; and Ralph Kelly, former- 
ly director of budgets. ‘They will make their head 
quarters in East Pittsburgh. 

be 


Charles H. Reinert, former superintendent of 
the Brooklyn plant of Steel and Tubes, Inc., has re- 
cently accepted the position of Assistant Superin- 
tendent of the Electric Weld Tube Mill of the 
parent corporation, Republic Steel Corporation at 
Youngstown, Ohio. 

M. B. Steele, until recently a sales engineer 
working out of the Cleveland Office of Steel and 
Tubes, Inc., is now assisting E. T. Glass, Sales 
Manager of the New England Division, and has his 


headquarters located in Boston. Mr. Steele is a 
graduate of Worcester Polytechnic Institute. 
A 


The American Rolling Mill Company is announc 
ing the opening of a new sales office in Buffalo, New 
York, located at Seventeen Court Street Building. 

V. L. Conley, Assistant District Manager of the 
Cleveland Sales District, has been transferred to the 
Pittsburgh District to function as Assistant District 
Manager in charge of the Buffalo Office. 

(Continued on page 468) 
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THE BILLETEER—BILLET IN PLACE 


Mechanical 


By G. W. LENTZ, 
Engineer, The Bonnot Company. 


Canton, Ohio 


In getting up this paper various methods and 
mechanical means for conditioning billets are referred 
to purely as an explanatory reference and they must 
not be construed as a reflection on any one individ- 
ual’s efforts along the line of development to pro- 
duce a successful mechanical billet chipping unit. 

Nevertheless with the constant developing of new 
alloy steels we are adding to the burden of process- 
ing, then the consumer comes along with some sort 
of a wrench to see that all specifications are about as 
tight as is possible for the money he is paying, not 
for the wrench, but for the commodity he is buying, 
all of which adds to the conditioning cost of steel; 
if he orders 500 tons to-day and wants it yesterday, 
quite often the neck of the bottle can be found in 
the billet sheds. The next problem is to get the 
chippers out on the job, where are they? and are 
there enough men available to get this order out 


yesterday; if not, the man in charge gets——ii 
the inspector misses anything in the rush the boss 
gets again. Then comes the morale of the chip- 


pers themselves; and this has been one of the most 
perplexing problems of the steel industry for many 
years, not entirely due to the disposition of the men 
themselves, but due to the fact that this particular 


Billet Chipping 


Paper presented at the A. |. & S. E. E. Annual 
Convention held in Cleveland, Ohio, Sep- 
tember 18, 19 and 20, 1934. 


class of work is a most undesirable occupation for 
a human being to follow. I wonder how many of 
us here today would like to grind out a livelihood in 
the same manner that the chippers do; the chances 
are that the man with the wrench would not get his 
500 tons yesterday, or for several days after the 
promised shipment date. ; 

Fortunately, we do not stop when some one may 
say “IT can’t be done”—instead, we are up and at 
the problem. 

We think, we develop, and we do things; and we 
always will; thanks to the N. R. A. for not including 
brains in the code. 

Vast amounts of money have been spent in some 
manner or another endeavoring to develop mechani- 
cal means of successfully cleaning billets. In addi- 
tion to the above, other sums have been spent at the 
source, or open hearth. 


Hammer and Chisel 


Some of the old stone age methods of condition- 
ing billets included the use of hammer and chisel. 


Cold Cutter 


Another method to increase production of billet 
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cleaning was a cold cutter, with a long handle in the 
hands of one man, and a sledge hammer in the hands 
of another. It is safe to assume that a great per- 
ceatage of steel in those days was returned to the 
melting pot. 


Air Gun Method 


The air gun method has undergone many im 
provements during the years this method has been 
in use, and chances for further improvement by this 
means are rather remote. 


Draw Cable 


Another later improvement was a draw cable at 
tached to an air gun to pull i 
forward, leaving nothing for 
the operator to do but start 
and stop the pulling action of 
the cable, and steer the air 
gun to the desired course. 
This method was quite similar 
to steering your own automo- 
bile while another car would 
be towing you in. 


Grinding 


There seems to be a broad 
difference of opinion as to just 
when the grinding was first 
resorted to. However it 1s 
generally conceded that it orig- 
inated in Sheffield, England, 
many years ago. 


Abrasive Wheels 


Laboratories of abrasive 
wheel makers have made great 
strides in developing a wheel 
with a ionger life and greater 
cutting capacity, it revealed 
that the finer the grain, the 
slower the cutting, together with a tendency of the 
wheel to load, particularly on a softer steel surface; 
the coarse grain wheel naturaily will remove more 
metal; but the life of the latter is much shorter. | 
have been told that occasionally pieces of abrasive 
from coarse wheels will embed themselves in the 
metal. This may not be of much consequence, on 
the other hand it is not desirable, especially if the 
bar is rolled into thin sheets. 


Slab Milling 


Slab Milling as applied to cleaning billets first 
came to my attention about 18 years ago, and the 
method is not to be sneezed at, however, it is slow 
and expensive; slow, for the reason that a milling 
cutter can only be crowded through steel so fast and 
no more; as you all know milling cutters teeth are 
spaced very close together, and spirally arranged, 
this being a fact we have several teeth of the cutter 
in contact with the metal at one time; therefore the 
travel speed is limited. The maintainance of these 
cutters is very costly, due to frequent grinding and 
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finally discarding the cutter when the diameter be 
comes too small for further grinding. Another prob 
lem of milling billets or slabs is the fact of irregu 
lar surfaces as well as the surface defects. Assum 
ing that we have a billet 8” x 8” x 6’ with a number 
of small defects over the entire surface approximate 
ly 1/16” deep, and several spots 5/16” or more in 
depth, you either mill off the 1/16” and chip out 
the balance by the air gun method. or else go the 
5/16” depth and waste the difference. When you get 
to curved ends or other irregular surfaces you can 
easily raise the cutter up out of the work, but to go 
deeper without starting a new cut is another prob 
lem. A machine to do milling must be very power 
ful, and built similar to a heavy duty planer 


Vertical Milling 


The vertical milling meth 
od is a little like the slab mil 
ler, much more expensive, less 
effective, and with very little 
productive capacity 


Planer 


The Planer method with the 
conventional clapper box tool 
holder is more effective than 
anv I have so far described; 
however, it has some faults 
ne, is the difficulty of fo! 
lowing curved ends caused by 
hot shearing; another, is to re 
move short deep defects and at 
the same time avoid unneces 
sary loss of metal. The tool 
should be set at right angle to 
the surface so that it can be 
raised or lowered while in 
contact with the metal it is to 
cut. Neither can the operator 


G. W. LENTZ see his work behind the tool, 


or whether the seam 1s entire 

ly removed with the first time 
over; if not, 1t 1s then necessary to reverse and go 
over it a second time. 

It is further stated that a tool with a cutting 
speed of 25 to 35 feet per minute, in continuous con 
tact with certain analyses of steel will overheat be 
fore making much progress, thus losing its value. 
However there are a number of these machines in 
use at the present time. 


Scarfing 


While there is considerable scarfing done, it can 
not be classed as mechanical; therefore | prefer not 
to discuss this particular method. 


Revolving Head Open Side Cutting Method 


We now have the revolving head open side cut 
ting method, better known as the Billeteer, which is 
among the latest and most successful developments 
It possesses almost unlimited flexibility. The cutting 
head has six different movements, many of them si 
multaneous, the various movements are as follows; 
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revolving of the head, up, down, forward, reverse, 
and Jaterally. Any one or all of these can be ob- 
tained while the head is in motion. The head has a 
speed of 6-2/3 R.P.M. Either one of the six tools 
can reach a depth of %” in two seconds. The above 
speed delivers approximately 40 cutting cycles per 
minute, each cut 2” wide, the length being governed 
by the depth of the cut. The unusual flexibility of 
this unit is principally due to the spacing of the cut- 
ter. If the defect is not entirely removed by one 
tool, the next tool can be lowered so as to complete 
the removal. The latter action requires less than two 
seconds, while all other methods require the revers- 
ing of the carrier, going back to the starting point 
for a second cut. Furthermore, this unit carries the 
lowest tool cost of any known mechanical means of 
cleaning billets. 


Tool Bits 


Tool bits are of high speed steel 34” x 
hardened all over, and ground on the end. No forg- 
ing, rehardening, or elaborate grinding equipment is 
necessary. A single tool bit can be taken out by 
loosening one cap screw. A tool bit and tool holder 
can be removed by loosening two cap screws. The 
entire head can be removed by taking out the large 
centre screw. When necessary to grind tools, they 
are only ground on the ends. The tool and holdez 
are then placed in a jig and shimmed to a proper 
length by a combination of various thicknesses, and 
then replaced in the head. The cutting tips are then 
all one distance from the centre of the tool head. 


‘ ” 
apd x 8 


Motors 

This unit is entirely electrified and self contained, 
having a total of six motors; 25 horse power for 
longitudinal travel of carriage, 20 horse power for 
revolving head, 7% horse power for raising and low- 
ering cutting head. These three motors are all gov- 
master finger-tip control, located to the 


erned by one 
Roll table motor, chuck- 


right of the cutting head. 
ing, and manipulator motors are operated from 4 


drum switch just above the master. 


Control Panel 


Control panel for the three portable motors 1s 
mounted on the carriage. The panel for the three 
stationary motors are mounted on the base of the 


machine at the rear near the chuck motor. 


Auxiliary Equipment 

The auxiliary equipment necessary for this unit 
consists of the conventional kick off skids, feeding 
table, and discharging rolls. The billets are brought 
in from the left and chucked from the sides only. 
A stop is provided to take the end pressure against 
the cutting action. When one side is done, the chuck 
is opened, the manipulator hook is lowered and the 
billet turned to cut the next side up. In the mean- 
time the chuck again holds it securely. Turning of 
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the billet requires approximately three seconds; when 
all four sides are finished the billet is rolled out on 
the right, and another enters from the left, reducing 
handling time to a minimum. Another important 
feature is the fact that the operator has a clear vision 
of his work at all times, either by the ram’s horn 
effect of the chip as it is being cut, or his view oi 
the cut behind the tool. 


Electrical Mechanism 

The electrical mechanism of this machine is inter- 
iocked so as to make it as near fool proof as possi- 
ble, for instance: the manipulator hook can only be 
lowered when in the proper position, when the hook 
is down the carriage cannot be moved in either di- 


rection. 


Area and Power 

Careful and extensive engineering surveys of the 
air hammer chipping has revealed the average to be 
eight lineal inches per minute, approximately 13/16” 
wide, as against 150 square inches per minute by 


mechanical means. 


An extensive survey conducted by a well known 
engineering company of this city on mechanical 
chipping, vs. hand chipping methods revealed the 
startling fact that this unit consumed less power 
than the air method per ton. I quote a few items 


as follows covering a given period. 


23.73 kilowatt hours air 
7.48 kilowatt hours machine 3.17 ratio 
19.93 kilowatt hours air 


7.48 kilowatt hours machine 2.66 ratio 


13.66 kilowatt hours air 
14.86 kilowatt hours machine 2.94 ratio 

! can further state that since the above test was 
conducted added improvements will extend these 
ratios at least 20% more in favor of the machine. 
This is a safe basis from which to calculate your 
present cost against the machine method. 


In making calls on the steel trade I have been 
told on a few occasions, “Oh! we don‘t do any billet 
chipping, we take care of that at the open hearth.” 
Well, my comments to these remarks were, “We 
have the best open hearth talent in the world right 
here in these good old United States, but we still 
have billet chippers in one form or another.” 


We are often asked whether pickling is neces- 
sary for mechanical cleaning; it is for the old method, 
and undoubtedly it should be for the new way. 


In conclusion, I wish to state that in all sincerity 
I believe that mechanical chipping is a final, positive, 
and successful solution to the processing of billets. 
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Discussion 


+ 


Discussion presented by 


W. E. Miller, Elec. & Mech. Supt., Bethlehem Steel Com- 
pany, Johnstown, Pa. 

A. J. Standing, Electrical Superintendent, Bethlehem Steel 
Company, Bethlehem, Pa. 

M. J. Conway, Fuel Engineer, Lukens Steel Company, 
Coatesville, Pa. 

G. W. Lentz, Engineer, Bonnot Company, Canton, Ohio. 

J. C. Reed, Electrical Engineer, Bethlehem Steel Company, 
Steelton, Pa. 

J. L. Miller, Asst. Chief Engineer, Carnegie Steel Com- 
pany, Youngstown, Ohio. 


W. E. Miller: I want to thank you, Mr. Lentz, 
for this very interesting paper. The subject of the 
paper is one of great concern to the steel industry. 
Considerable money is spent every day for the prepa- 
ration and reconditioning of billets before they are 
rolled into the finished product. I think that any 
man who spends considerable time in the steel plant, 
or who is intimately connected with it, appreciates 
the material effect the proper preparation of billets 
has on the quality of the steel rolled, and the large 
sum of money that is spent in obtaining these re- 
sults. 

The reconditioning of billets has been a source of 
heavy expense, I believe, to all the steel companies 
in the country. I know a lot of time and expense 
has been spent on the developing of machinery to do 
mere economically and better, the work that is now 
largely done by hand with the air chipping hammer. 
In some plants machinery of this type has been suc- 
cessful, while in others it has not. The success or 
failure of performing this work with machinery de- 
pends, I believe, largely on the size of the billets in 
question. When the size of the billet is down to 
say, 1-3/4” x 1-3/4” or 2” x 2” or even somewhat lar- 
ger, it is very questionable to my mind whether the 
use of mechanical means is economical. These bill- 
ets usually have but a few spots to be chipped and 
the labor of setting them up in a machine is usually 
greater than the labor required to recondition them 
by hand. 


It seems to me there ought to be somebody pres- 
ent who has some ideas on this subject. 


A. J. Standing: From the trend of the papers de- 
livered previously, we appreciate the problem facing 
all plants having merchant mills twenty years old or 
more and we note with interest the various moves 
made to improve the product of these mills to meet 
present day market demands. 

The problem of chipping steel is very much alive 
everywhere and Bethlehem has its phase of this prob- 
lem to take care of either by hand chipping or by 
use of some type of reliable and economical billet 
chipper. To this end we have been trying out one 
of the Billeteers as described by Mr. G. W. Lentz 
this afternoon. 

While I am not in position to report for the com- 
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pany, I can safely say the machine has been pur- 
chased, from which you can draw your own conclu 
sions. I regret that Mr. Lentz is not in position to 
show the complete machine. I think you would rea- 
lize from the view of the machine itself that it is 
a fairly important development. 

The flexibility of the machine, as Mr. Lentz said, 
lies in the adjustment of the head. The head has 
almost universal movement and the success, as I see 
it, lies to a large extent in the skill of the operator 
in manipulating this tool head. In other wordst a 
skilled operator can do about what he wants to do 
with the head and has sufficient time between cuts 
to move his machine up and down, forward or across 
his billet, which gives, as Mr. Lentz pointed out, the 
advantage of being able to take a small cut in one 
point, cross your bloom and take a deeper cut, and 
continue in that cut to a lighter cut. It produces 
economy in cutting, which as has been pointed out, 
is not easily obtainable in any other machine. 

Another feature we are working out is the proper 
handling of steel to and from this machine. At the 
present time the experimental set-up is served by 
such crane service as is available in the mill. We 
are proposing to have approach tables and delivery 
tables so the products to and from the machine can 
be expedited. I think that, together with a crew of 
trained operators who are being broken in now, we 
should materially increase the advantages which we 
already see possible. 

M. J. Conway: I would like Mr. Lentz to de- 
scribe how he proposes to handle both longitudinal 
and transverse defects with his machine, and if Mr. 
Lentz has per cubic inch net costs of removing 
metal, either in the lower carbon brackets or of alloy 
steel ? 

G. W. Lentz: Understand the head revolving at 
6-2/3 R.P.M. permits the operator to step the tool 
across the billet which may be from 6” to 10” before 
the next tool contacts. The lateral movement is not 
available while tool is in contact. 

M. J. Conway: | am referring to snakes on slabs 
chiefly, that do not follow any conventional course. 

G. W. Lentz: The speed, at which the head 
travels, allows the operator ample time to move the 
head laterally in either direction. In this manner, 
difficult curves of the seams may be easily followed. 

Assuming 40 tool cuts per minute ranging from 
3” to 5” long x 2” wide and from 1/64” to 3%” in 
depth, this is a reasonably fair basis on which to 
calculate chipping cost with this unit. 

J. C. Reed: How many revolutions does the head 
revolve at? 

G. W. Lentz: This question is answered in the 
above discussion. 

J. C. Reed: The piece underneath does not travel 
along? 

G. W. Lentz: No, the billet does not travel but 
is clamped on top of the rolls which form the base 
on which the billet rests while it is being cut. The 
cage is moved back and forth to any position desired. 

J. L. Miller: Is that machine in general use? 

G. W. Lentz: Yes sir. 

J. C. Reed: Where are these machines in use? 

G. W. Lentz: We have one of them installed in 
your Lehigh plant which has been in commercial 
operation for approximately four months. 
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PERSONNEL CHANGES 
A 


(Continued from page 463) 


Assisting Mr. Conley will be A. W. Bryant, with 
headquarters at Rochester, New York. 
rN 
\t a meeting of the board of directors of the 
General Electric Company on October 26, 1934, in 
the offices of the company at 570 Lexington Avenue, 
New York City, Francis D. Bartow was elected a 
member of the board. 
& 


I. R. Kohnstamm, widely known within the elec- 
trical industry, has been appointed Manager of the 
Lighting Division of the Westinghouse Electric an: 
Manufacturing Company, according to an announce- 
ment made by President F. A. Merrick. In his new 
position, Mr. Kohnstamm will have supervision over 
all lighting activities, including sales, engineering 
and manufacturing, now conducted at the Westing- 
house Cleveland Works, in Edgewater Park. Until 
his appointment, he was Sales Promotion Manager of 
the Company, with headquarters at East Pittsburgh, 
Pa, 

* 

Russell L. Van Cleve has been appointed manage: 
of blast furnace products, coke by-products, and scrap 
purchases, for Carnegie Steel Co., Pittsburgh, suc- 
ceeding Thomas Woods, who recently resigned under 
the operation of the Carnegie retirement plan. 

A 

James M. Darbaker, master mechanic of the Gary, 
Ind., sheet mill of American Sheet & Tin Plate Co. 
for the past two years, has been named general mana- 
ger of the plant, succeeding John A. Gross, who will 
enter a specialized sales field for the company. Mr. 
Gross has been active in the steel production field 
since 1890, 

& 

K. C. Gardner, vice president in charge of ma- 
chinery sales for United Engineering & Foundry Co., 
Pittsburgh, has had his duties extended to include 
the sale of all the products made by the United com- 
pany. Mr. Gardner’s new title is vice president in 
charge of sales. 

Horace Mager, formerly in the roll sales depart- 
ment for the company, now supervises the rol! and 
steel casting sales division. 

a 
NEWS OF THE INDUSTRY 


A 

The Carnegie Steel Company has placed an order 
with the United Engineering & Foundry Co., Pitts- 
burgh for a continuous hot strip mill consisting of 
10 horizontal stands, two high and four high stands, 
two vertical edgers and one scale breaker to be in- 
stalled at the McDonald Ohio works of Carnegie. 
This mill with an annual tonnage of approximately 
100,000 tons of hot-rolled strip is expected to be in 
stalled and in operation in the third quarter of 1935. 
It will produce strip steel in cut lengths and coils 
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up to 38” wide and down to 16 gauge as well as 
down to i8 gauge in widths up to 24”. Complete 
facilities for pack annealing, slitting, oiling and pick 
ling cut lengths are to be included in the new roll- 
ing unit. 

A 

Contracts have been awarded for erecting the 
Youngstown Sheet & Tube Company’s new cold roll- 
ing mill at Campbell, it was announced by Frank 
Purnell, president of the company. 

The mill contract was awarded to the Mesta 
Machine Co. of Pittsburgh, and the steei will be 
erected by the Fort Pitt Bridge Co., of Pittsburgh. 

The new cold rolling mill, with a capacity of from 
200,000 to 250,000 tons a year, will absorb a part of 
the production of the new continuous strip mill now 
being erected by the company at Campbell, which 
will have an annual capacity of from 500,000 to 600,- 
000 tons of hot rolled strip. The cold mill will finish 
strip into sheets for automobile and other purposes. 

A separate building covering 216,000 square feet 
will house the cold rolling mill equipment. The 
latter will include one 3-stand tandem 4-high finish- 
ing unit, and two single-stand 4-high miils, along 
with continuous annealing, pickling, shearing, and 
straightening machinery. 

The cold mills will be capable of rolling down the 
unfinished hot strip to 26 gauge in thickness and 81 
inches in width. 

The cold rolling mill is expected to be ready for 
operation by April 1. The continuous mill will prob- 
ably be completed by February 1. 

A 


ASSOCIATION NOTES 
COMING MEETINGS AND PAPERS 
Philadelphia Section 


L.. F. Coffin, Chairman I.. O. Morrow, Secretary 
Engineers Club, 1317 Spruce Street 
Dinner 6:00 P. M. Meeting 7:00 P. M 
December 1, 1934 

“The Automatic Control and Use of Blast Furnace 
Gas in Steel Mill Furnaces” by A. J. Fisher, Fuel 
Engineer, - Bethlehem Steel Company, Sparrows 
Point, Md. 

A story of the making, using and controlling of 
Blast Furnace Gas. 

Mr. Fisher in his paper, will give the physical, 
chemical, metallurgical, and combustion sides of the 
Steel Mill problems in connection with the automatic 
control and use of blast furnace gas in steel mill fur- 
naces. 

A 


OBITUARY 

Franklin M. Bowman, Vice-President of the Blaw- 
Knox Company, Pittsburgh, Pa. died suddenly on 
October 12th at his home in Pittsburgh, Pa. He was 
in his sixty-fifth vear. 

In his capacity as Vice-President of the Blaw- 
Knox Company, Mr. Bowman was in charge of the 
Transmission Tower and Structural Steel Divisions 
of the Company. He was actively identified with 
transmission line design and erection of international 
significance and the construction of some of the 
largest mills in the country. 
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